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of gallstones. Biliary obstruction of any cause is the 
main predisposing factor. Diagnosis is established by 
the presence of clinical features, laboratory results 
and imaging studies. The treatment modalities include 
administration of intravenous fluid, antibiotics, and 
drainage of the bile duct. The outcome is good if the 
treatment is started early, otherwise it could be grave.

Key words: Acute cholangitis; Ascending cholangitis; 
Biliary infection; Hepatic fever; Infection of the bile 
duct

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Acute cholangitis is a serious medical problem 
unless treated early. High clinical suspicion is essential 
to diagnose this condition. The different diagnostic 
criteria, treatment options, including different modalities 
of biliary drainage, and prognosis are described in this 
article.

Ahmed M. Acute cholangitis - an update. World J Gastrointest 
Pathophysiol 2018; 9(1): 1-7  Available from: URL: http://www.
wjgnet.com/2150-5330/full/v9/i1/1.htm  DOI: http://dx.doi.
org/10.4291/wjgp.v9.i1.1

INTRODUCTION
Acute cholangitis is a clinical entity caused by bacterial 
infection of the biliary system, most commonly 
secondary to partial or complete obstruction of the 
bile duct or hepatic ducts. The diagnosis is established 
by the characteristic clinical symptoms and signs of 
infection, abnormal laboratory studies suggestive of 
infection and biliary obstruction, and abnormal imaging 
studies suggestive of biliary obstruction[1]. The main 
importance of this condition is that it is a very treatable 
condition if treated appropriately, but the mortality 
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Abstract
Acute cholangitis is bacterial infection of the extra-
hepatic biliary system. As it is caused by gallstones 
blocking the common bile duct in most of the cases, its 
prevalence is greater in ethnicities with high prevalence 
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can be high if there is delay in treatment. There are 
other varieties of cholangitis, which include primary 
biliary cholangitis, primary sclerosing cholangitis, IgG4-
related autoimmune cholangitis and recurrent pyogenic 
cholangitis or Oriental cholangiohepatitis[2]. We will be 
exclusively discussing here acute bacterial cholangitis, 
also called ascending cholangitis. The term ascending 
cholangitis comes from the migration of bacteria from 
the duodenum into the common bile duct. But, rarely, 
translocation of bacteria from the portal vein into the 
bile duct can also occur.

ETIOLOGY
The biliary obstruction is most commonly caused by 
choledocholithiasis. Other causes of obstruction include 
benign or malignant stricture of the bile duct or hepatic 
ducts, pancreatic cancer, ampullary adenoma or 
cancer, porta hepatis tumor or metastasis, biliary stent 
obstruction (due to microbial biofilm formation, biliary 
sludge deposition and duodenal reflux of food content), 
primary sclerosing cholangitis, amyloid deposition in the 
biliary system[3], Mirizzi syndrome (gallstone impacted 
in cystic duct or neck of the gall bladder causing 
compression on common bile duct or common hepatic 
duct), Lemmel’s syndrome (peri-ampullary diverticulum 
causing distal biliary obstruction), round worm (Ascaris 
lumbricoides) or tapeworm (Taenia saginata) infestation 
of the bile duct[4], acquired immunodeficiency syndrome 
(commonly known as AIDS) cholangiopathy and 
strictured bilioenteric anastomoses[5]. Choledochocele 
and narrow-caliber bile duct are other risk factors 
for acute cholangitis. Recently, there was an 
outbreak of cholangitis due to carbapenem-resistant 
Enterobacteriaceae (CRE) as a result of exposure 
to contaminated duodenoscope[6]. Post-endoscopic 
retrograde cholangiopancreatography (ERCP) acute 
cholangitis can occur in 0.5% to 2.4% cases (Figure 
1)[7]. As cholelithiasis is the most important risk factor, 
the same risk factors may play important roles in the 
development of acute cholangitis, particularly high fat 
(triglyceride) intake, sedentary life styles, obesity and 
rapid weight loss. Heavy alcohol consumption may 

lead to cirrhosis of the liver, which is a risk factor for 
gallstone formation.

EPIDEMIOLOGY
The prevalence of cholelithiasis varies in different 
ethnicities. Gallstones are found in 10% to 15% of 
the white population in the United States. It is much 
more prevalent in native Americans (60%-70%) and 
Hispanics but less common in Asians and African 
Americans[8]. Many patients get admitted to the hospital 
with gallstone disease and 6% to 9% of them are 
diagnosed with acute cholangitis[9]. Males and females 
are equally affected. The average age of patients 
presenting with acute cholangitis is 50 to 60 years. Less 
than 200000 cases of cholangitis occur per year in the 
United States.

PATHOPHYSIOLOGY
Biliary obstruction is an important factor in the 
pathogenesis of cholangitis. When bile flow occurs, 
presence of bacteria in the bile is not that significant 
because bacterial concentration does not increase and 
the intraductal pressure does not increase. Normally, 
there are different defensive mechanisms to prevent 
cholangitis. The bile salts have bacteriostatic activity and 
the biliary epithelium secretes IgA and mucous which 
probably act as anti-adherent factors. Kupffer cells on 
the biliary epithelium and the tight junction between 
the cholangiocytes prevent translocation of bacteria 
from the hepatobiliary system into the portal venous 
system. Normal bile flow flushes out any bacteria into 
the duodenum. 

The sphincter of Oddi also prevents any migration 
of bacteria from the duodenum into the biliary system. 
In case of biliary obstruction, bile becomes stagnant in 
the biliary system, the intraductal pressure increases, 
the tight junction between cholangiocytes widen, 
Kupffer cells malfunction and the production of IgA 
is decreased[10]. “Choledochal pressure” plays an 
important role in the pathogenesis of acute cholangitis. 
The normal biliary ductal pressure is 7 to 14 cm of water 
(H2O). When the intraductal pressure exceeds 25 cm 
of H2O, cholangiovenous and cholangiolymphatic reflux 
can occur, leading to bacteremia and endotoxinemia[11]. 
Besides this, systemic release of inflammatory 
mediators like tumor necrosis factor (TNF), soluble TNF 
receptors, interleukin (IL)-1, IL-6 and IL-10 leads to 
profound hemodynamic compromise.

The most frequently found pathogens isolated in acute 
cholangitis are coliform organisms[12,13]. These include 
Escherechia coli (25%-50%), Klebsiella species 
(15%-20%), Enterococcus species (10%-20%) 
and Enterobacter species (5%-10%). Sometimes, 
anaerobic bacteria like Bacteroids fragilis and 
Clostridium perfringens can also cause acute cholangitis, 
particularly in patients with previous biliary surgery 
and in the elderly population[14]. Parasitic infestation 

Figure 1  Pus seen extruding from the ampulla of Vater.
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of the biliary system by the liver flukes Clonorchis 
sinensis, Opisthorchis viverrini and Opisthorchis felineus 
and the roundworm Ascaris lumbricoides may lead to 
cholangitis[15].

CLINICAL PRESENTATION
The presentation depends on the severity of 
cholangitis. Classically, patients present with high 
fever persisting for more than 24 h, abdominal pain 
and jaundice (Charcot’s triad or hepatic fever). The 
right upper quadrant abdominal pain is generally 
mild. When the cholangitis becomes more severe, 
patients become hypotensive and confused (Reynold’s 
pentad). Charcot’s triad has low sensitivity (26.4%) and 
high specificity (95.9%). Although the presence of 
Charcot’s triad is suggestive of acute cholangitis, it is 
not diagnostic. Charcot’s triad is present in 26.4% to 
72% of patients with acute cholangitis[16].

To improve the sensitivity of Charcot’s triad, TG07 
diagnostic criteria for acute cholangitis was made at the 
International Consensus Meeting held in Tokyo in 2006. 
TG07 criteria included: A: Clinical: (1) history of biliary 
disease; (2) fever and/or chills; (3) jaundice; and (4) 
abdominal pain (RUQ or epigastric); B: Lab data: (5) 
evidence of inflammatory response; (6) abnormal liver 
function tests; C: Imaging findings: (7) biliary dilatation 
or evidence of an etiology (stone, stricture, stent, etc.). 
Suspected diagnosis: 2 or more items in A. Definite 
diagnosis: (1) Charcot’s triad (2 + 3 + 4); and (2) two 
or more items in A plus both items in B plus item C.

The sensitivity and specificity of diagnosing 
acute cholangitis in TG07 were 82.6% and 79.8% 
respectively. In 2012, TG13, a new Tokyo guideline 
for the diagnosis of acute cholangitis was published[17]. 
The criteria included: (1) Systemic inflammation: A-1:  
Fever (body temperature > 38 °C and/or shaking chills; 
A-2: Lab data: Evidence of inflammatory response – 
white blood cell (WBC) count < 4000/cmm or > 10000/
cmm, C-reactive protein (CRP) - ≥ 1 mg/dL; and (2) 
Cholestasis: B-1: Jaundice-total bilirubin ≥ 2 mg/dL; 
B-2: Lab data: Abnormal liver function tests. Alkaline 
phosphatase (IU) > 1.5 × upper limit of normal; 
Gamma-glutamyl transpeptidase (IU) > 1.5 × upper 
limit of normal; Aspartate aminotransferase (IU) > 
1.5 × upper limit of normal; Alanine aminotransferase 
(IU) > 1.5 × upper limit of normal. Imaging: C-1: 
Biliary dilatation; C-2: Evidence of etiology on imaging 
(stricture, stone stent, etc.).

Suspected diagnosis: One item in A + one item in 
either B or C. Definite diagnosis: One item in A, one 
item in B and one item in C. The sensitivity of diagnosing 
acute cholangitis improved to 91.8% but the specificity 
remained similar (77.7%) in TG13. The false positive rate 
of diagnosing acute cholecystitis also decreased to 5.9% 
in TG13 in comparison to Charcot’s triad (11.9%) and 
TG07 (15.5%).

Physical examination may show high temperature, 

tachycardia, hypotension, jaundice, right upper quadrant 
or epigastric tenderness and altered mental status.

Severity of acute cholangitis: two clinical factors 
determine the severity of acute cholangitis: (1) response 
to initial medical treatment; and (2) organ dysfunction[1].

Grade Ⅰ is mild acute cholangitis. Patients do not 
have any organ dysfunction and do not meet the criteria 
of moderate acute cholangitis. They respond to the 
initial antibiotic treatment.

Grade Ⅱ is moderate acute cholangitis. Patients do 
not have any organ dysfunction and do not respond 
to the initial antibiotic treatment. Any two of the five 
conditions should be present: (1) leukocytosis (WBC 
> 12000/cmm) or leukopenia (WBC < 4000/cmm); 
(2) high temperature (≥ 39 °C); (3) elderly (age > 75 
years); (4) hyperbilirubinemia (total bilirubin ≥ 5 mg/
dL); and (5) hypoalbuminemia (< 0.7 × lower limit of 
normal).

Grade Ⅲ is severe acute cholangitis. Patients do not 
respond to initial medical treatment and have organ 
dysfunction in at least one of the following organs/
systems: (1) cardiovascular system: hypotension 
requiring dopamine infusion ≥ 5 μg/kg per minute, 
or any dose of norepinephrine; (2) nervous system: 
disturbance of consciousness; (3) respiratory system: 
PaO2/FiO2 ratio < 300; (4) renal system: oliguria, serum 
creatinine > 2 mg/dL; (5) hepatic system: platelet-
international normalized ratio (INR) > 1.5; and (6) 
hematological system: platelet count < 100000/cmm.

Sometimes we make the diagnosis of acute 
suppurative cholangitis (ASC) when we notice pus 
extruding from the ampulla of Vater during ERCP 
(Figures 1 and 2). ASC does not always mean severe 
acute cholangitis. Sometimes, patients with severe 
acute cholangitis do not have pus in the bile duct, 
and sometimes patients with ASC are not that sick[18]. 
Severe acute cholangitis or toxic cholangitis is present 
in 5% of all cases of cholangitis[19].

Differential diagnoses of acute cholangitis[20]: (1) 
acute cholecystitis; (2) cirrhosis of liver; (3) acute 
hepatitis; (4) liver abscess; (5) septic shock due to 
any cause; (6) right sided diverticulitis; and (7) righted 

Figure 2  Drainage of pus after biliary stenting during endoscopic retrograde 
cholangiopancreatography.
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sided pyelonephritis.
Recurrent acute cholangitis can occur when pigment 

stone is formed in the intrahepatic ducts leading to 
stricture formation, mainly in the lateral segment of the 
left lobe or posterior segment of the right lobe[21]. This 
condition is also called oriental cholangiohepatitis as it 
occurs almost exclusively in the natives of Southeast 
Asia. The exact mechanism is not known but related 
to malnutrition, ascariasis (Ascaris Lumbricoides) 
and clonorchiasis (Clonorchis sinensis). Transient 
portal bacteremia allows entrance of bacteria (E. coli, 
Klebsiella, Pseudomona, Proteus, anaerobes) into the 
biliary system, initiating a vicious cycle of infection 
and stone formation[22]. This condition may cause 
cholangiocarcinoma in 5% of cases.

INVESTIGATIONS
Lab tests should include complete blood count, erythrocyte 
sedimentation rate or CRP, complete metabolic profile 
including renal and hepatic function, prothrombin time 
and INR. Blood culture should be done as early as 
possible. TG13 guideline also recommends collection of 
bile sample during the drainage procedure. Bile culture 
can be positive in 59% to 93% of acute cholangitis cases.

Imaging studies may include ultrasound of the 
abdomen, regular or helical computed tomography (CT), 
magnetic resonance cholangiopancreaticography (MRCP) 
and endoscopic ultrasound (EUS). CT without contrast is 
more sensitive than abdominal ultrasound in detecting 
common bile duct stones[23]. Among these, MRCP (82.2% 
accuracy in detecting choledocholithiasis) and EUS 
(96.9% accuracy in detecting choledocholithiasis) are the 
most sensitive imaging modalities, which can detect the 
level and cause of biliary obstruction[24]. Transabdominal 
ultrasound is able to detect choledocholithiasis in 30% of 
cases, and CT in 42% of cases. Although MRCP is being 
increasingly used in the setting of acute cholangitis, its 
sensitivity in detecting less than 6 mm stone is low[11].

 
MANAGEMENT
Patients with cholangitis should be managed at the 
hospital, as this is considered as an emergent condition. 

Patients should be resuscitated first. As cholangitis is 
due to infection and obstruction of the biliary system, 
we have to treat both aspects. Intravenous fluid and 
antibiotics should be started as soon as possible.  
Fresh frozen plasma or vitamin K may be required for 
correction of coagulopathy. The choice of antibiotics 
depends on multiple factors, including the patient’s renal 
function, hepatic function, drug allergies, comorbidities, 
hospital-acquired (multiple or resistant organisms like 
Pseudomonas, CRE, vancomycin-resistant enterococcus 
or methicillin-resistant Staphylococcus aureus) or 
community-acquired infection (single agent like E. coli, 
Klebsiella, or Enterococcus), and also on the severity of 
cholangitis. The empiric antibiotics should cover both 
Gram-negative and anaerobic organisms. The initial 
choice should be piperacillin-tazobactam, ticarcillin-
clavulanate, ceftriaxone plus metronidazole or ampicillin-
sulbactam. If the patient is sensitive to penicillin, 
ciprofloxacin plus metronidazole, carbapenems or 
gentamicin plus metronidazole are good choices[25]. The 
antibiotics should be further evaluated and adjusted 
according to the blood culture results. Blood culture is 
positive in 21% to 71% of cases of acute cholangitis[26]. 
The dose of the antibiotics should be adjusted according 
to renal and hepatic functions. Ideally, the antibiotics 
should be continued for 7 to 10 d[12]. 

Because of high biliary intraductal pressure, biliary 
secretion of antibiotics is impaired. So, biliary drainage 
is the next step. It can be best done by therapeutic 
ERCP. Depending on the etiology of biliary obstruction, 
intervention should be done. For example, in case 
of choledocholithiasis, sphincterotomy and stone 
extraction (Figures 3-5) should be done with or without 
transpapillary biliary stent placement. Sometimes, 
there is an increased risk of bleeding from biliary 
sphincterotomy if the patient is coagulopathic or on 
anti-platelet agents. In those cases, biliary stent can be 
placed temporarily without sphincterotomy. In case of 
biliary stricture, transpapillary biliary stent placement 
should give adequate drainage. If there is blockage 
of the existing stent due to growth of bacterial biofilm 
and formation of bile sludge, the old stent should be 
removed and replaced with a new one[27].

Other modalities of biliary drainage include 

Figure 3  Biliary sphincterotomy followed by stone extraction.
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endoscopic nasobiliary drainage (ENBD) by nasobiliary 
catheter (Figure 6), percutaneous transhepatic biliary 
drainage (PTBD), EUS-guided drainage and open 
surgical drainage (T-tube drainage after laparotomy). 

In clinical practice, ENBD is done much less 
frequently, as compared to biliary stent placement. 
ENBD has the advantages that repeat cholangiogram 
could be done when the location of biliary stricture is not 
known, thick pus or purulent bile can be drained more 
effectively, washing can be done if the tube is clogged, 
biliary aspirate can be cultured and no additional 
sphincterotomy is required. The disadvantages are that 
it is uncomfortable to the patient and a confused patient 
may pull it out[28].

PTBD is generally done in case of failed ERCP or if 
the patient has multiple comorbidities and is not a good 
candidate for ERCP. There is no need for intravenous 
sedation or anesthesia for PTBD. The disadvantages 
include patient’s discomfort, increased length of 
hospital stay, risks of biliary peritonitis, intraperitoneal 
hemorrhage and sepsis[29]. It is contraindicated in 
patients with ascites, coagulopathies and intrahepatic 
biliary obstructions.

EUS-guided biliary drainage can be performed 
when ERCP is unsuccessful due to various reasons 
like ampullary obstruction, gastric outlet obstruction 
or surgically altered anatomy (Roux-en-Y surgery, 
gastric bypass, etc.), and intrahepatic bile ducts are not 

dilated[30]. Urgent EUS-guided choledochoduodenostomy 
with placement of a covered metallic stent is an option 
in the setting of acute cholangitis[31], mainly in tertiary 
care centers.

Surgical drainage is reserved when other modalities of 
biliary drainage are contra-indicated or fail. It is done rarely 
now-a-days because of high morbidity and mortality of 20% 
to 60%[32]. To avoid prolonged surgery, choledochotomy 
with T-tube drainage without choledocholithotomy is 
recommended[33]. Laparoscopic choledochotomy with 
stone extraction can be done in case of failed endoscopic 
extraction of common bile duct stone[34].

In patients with surgically altered anatomy like 
Roux-en-Y anastomosis or hepaticojejunostomy, balloon 
enteroscope-assisted ERCP with biliary drainage is done 
with variable success rate, of 40% to 95%[35].

Timing of biliary drainage: In grade Ⅰ or mild acute 
cholangitis: Biliary drainage should be done in 24 h 
to 48 h. In grade Ⅱ or moderate acute cholangitis 
(i.e., patient has not responded to antibiotics in 
first 24 h): Early biliary drainage, and in grade Ⅲ 
or severe acute cholangitis: Urgent biliary drainage 
should be done. Following endoscopic management 
of acute cholangitis, laparoscopic cholecystectomy is 
recommended in patients with gallstone disease[36]. 
The various techniques of performing laparoscopic 
cholecystectomy safely have been described over the 
last few decades[37-39].

Figure 4  Biliary stone extraction followed by stent placement.

Figure 5  Fluoroscopy showing lithotripsy basket-assisted stone extraction. Figure 6  Nasobiliary catheter.
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Management of recurrent pyogenic cholangitis 
(Oriental cholangiohepatitis) requires a multidisciplinary 
team (endoscopist, interventional radiologist and 
surgeon). Initial treatment includes administration of 
intravenous fluid and antibiotics, endoscopic treatment 
with stricture dilation, stone extraction and stent 
placement for biliary drainage or percutaneous biliary 
drainage in case of failed ERCP. Segmental hepatic 
resection should be considered in case of localized 
disease[40]. Orthotopic liver transplantation has also 
been reported in case of diffuse disease and end-stage 
liver disease due to recurrent acute cholangitis[41,42].

PROGNOSIS
The prognosis depends on the timing of biliary drainage, 
administration of antibiotics and comorbidities of the 
patient. Early biliary drainage leads to rapid clinical 
improvement. But, if biliary drainage is delayed, 
patients can deteriorate quickly and die. The overall 
mortality acute cholangitis is less than 10% after 
biliary drainage[43]. In the pre-ERCP era, severe acute 
cholangitis was associated with a mortality of more than 
50%[44]. Emergency surgery for severe acute cholangitis 
also carries a high mortality, of about 30%[45].

Poor prognostic factors in the setting of acute 
cholangitis include old age, high fever, leukocytosis, 
hyperbilirubinemia and hypoalbuminemia[11]. Patients 
with comorbidities like cirrhosis, malignancy, liver 
abscess and coagulopathy also carry poor prognosis.

Patients with high pre-biliary drainage serum 
creatinine is also associated with higher mortality[46]. A 
recent study also suggested that serum IL-7 level of less 
than 6.0 and serum procalcitonin level of more than 0.5 
was associated with higher mortality[47].
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Abstract
AIM
To evaluate prognostic pathological factors associated 
with early metachronous disease and adverse long-
term survival in these patients.

METHODS
Clinical and histological features were analysed retro
spectively over an eight-year period for prognostic 
impact on recurrent disease and overall survival in 
patients undergoing curative resection of a primary 
colorectal cancer. 

RESULTS
A total of 266 patients underwent curative surgery 
during the study period. The median age of the study 
cohort was 68 year (range 26 to 91) with a follow-
up of 7.9 years (range 4.6 to 12.6). Resection was 
undertaken electively in 225 (84.6%) patients and 
emergency resection in 35 (13.2%). Data on timing 
of surgery was missing in 6 patients. Recurrence was 
noted in 67 (25.2%) during the study period and 
was predominantly early within 3 years (82.1%) and 
involved hepatic metastasis in 73.1%. Emergency 
resection (OR = 3.60, P  = 0.001), T4 stage (OR = 
4.33, P  < 0.001) and lymphovascular invasion (LVI) 
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(OR = 2.37, P  = 0.032) were associated with higher 
risk of recurrent disease. Emergency resection, T4 
disease and a high lymph node ratio (LNR) were strong 
independent predictors of adverse long-term survival. 

CONCLUSION
Emergency surgery is associated with adverse disease 
free and long-term survival. T4 disease, LVI and LNR 
provide strong independent predictive value of long-
term outcome and can inform surveillance strategies to 
improve outcomes. 

Key words: Emergency resection; Colorectal cancer; 
Metachronous disease; Lymph node ratio; Survival

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Despite increasing uptake of national 
bowel cancer screening programme in the United 
Kingdom, majority of patients with colorectal cancer 
are diagnosed following the urgent 2-wk referral or 
present as an emergency (53%). Emergency resection 
surgery for colorectal cancer is associated with a high 
post-operative morbidity and mortality and adverse 
long-term survival compared to elective surgery. 
Although immediate survival may be affected by factors 
associated with provision of emergency surgery and 
critical care, long-term disease recurrence and survival is 
dictated by presence of adverse clinical and histological 
factors which can guide post-operative surveillance for 
recurrent disease.

Littlechild J, Junejo M, Simons AM, Curran F, Subar D. 
Emergency resection surgery for colorectal cancer: Patterns of 
recurrent disease and survival. World J Gastrointest Pathophysiol 
2018; 9(1): 8-17  Available from: URL: http://www.wjgnet.
com/2150-5330/full/v9/i1/8.htm  DOI: http://dx.doi.org/10.4291/
wjgp.v9.i1.8

INTRODUCTION
Colorectal cancer is the fourth most common cancer 
in the United Kingdom with over 40000 cases 
diagnosed each year[1]. At presentation, synchronous 
hepatic metastases are present in 20%-25% of 
patients with metachronous hepatic metastases 
developing in 40%-50%[2,3]. Up to 80% of patients 
who develop metachronous disease do so within the 
first 3 years[4,5]. About 10% of patients who have 
resection of the primary tumour with curative intent 
will develop metachronous lung metastases[6] with 
local recurrence having been reported to occur in 
4%-10% of patients[7,8]. Recent decades have seen a 
significant improvement in early post-operative survival 
in patients undergoing lung or liver resection surgery 
for colorectal metastasis[9,10]. Intensive post-operative 
surveillance has shown to improve 5-year survival 

with recognition of early, asymptomatic recurrent 
disease[11]. Five-year survival has further improved 
with the advent of effective chemotherapy, especially 
for patients with resectable liver disease, seeing a rise 
from 35% to 50%[10,12]. Three meta-analyses[13-15] 
have shown improved, albeit modest, survival with 
aggressive surveillance, which has been proven to be 
within the National Health Service’s threshold of cost 
acceptability[16]. 

Despite the widespread use of screening programs 
for detection of colorectal cancer, a large number of 
cases in England are diagnosed in the acute or urgent 
setting either as an emergency presentation (26%) or 
following an urgent 2-wk referral (27%)[17]. Compared 
to elective resection, emergency surgery is associated 
with adverse postoperative outcomes (post-operative 
mortality 4.6% vs 16%), disease-free and overall long-
term survival[18-20]. This may represent a multifactorial 
basis due to altered physiology, immunosuppression, 
advanced disease and aggressive tumour biology[21,22]. 

Surveillance after resection of the colorectal 
primary in the form of colonoscopy and computed 
tomography (CT) imaging with or without adjuncts 
such as positron emission tomography (PET/PET-CT) 
is generally considered the standard of care[4]. There is 
wide variation in follow-up protocols in randomised trials 
with no clear consensus about follow-up intensity[23]. 
The Association of Coloproctologists of Great Britain and 
Ireland (ACPGBI) recommends a CT scan within the first 
2 years after resection of the primary tumour to detect 
metastases as part of the follow up of these patients[24]. 
Conversely, the American Society of Clinical Oncology 
(ASCO) has suggested an annual abdominal/chest 
CT scan for three years with more frequent scans for 
higher risk patients (defined as stage III or stage II with 
multiple high-risk features)[4]. The American National 
Comprehensive Cancer Network (NCCN) recommends 
an abdominal/pelvic and chest CT scan annually for 
up to five years[25]. Furthermore, it is clear that not all 
patients with colorectal cancer will benefit from intensive 
surveillance, incurring unnecessary costs. Identifying 
patients at high risk of developing early recurrence 
(within the first three years) will help to determine who 
would benefit from aggressive surveillance. 

The aim of this study was to investigate the 
prognostic effects of histological factors on patterns of 
recurrent disease and survival in patients undergoing 
emergency resection surgery for colorectal cancer. 

MATERIALS AND METHODS
A retrospective audit of patients undergoing surgery 
for colorectal cancer was carried out after institutional 
approval. Patients undergoing consecutive curative 
resection for histologically proven, primary colorectal 
adenocarcinoma in the absence of synchronous 
metastatic disease on presentation were included the 
study covering an eight-year period from January 2001 
to December 2008. The study population was identified 
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using procedure codes from the hospital database. 
Demographic data on age, sex and mode of 

presentation was recorded. In the emergency surgery 
setting the presence of bowel obstruction or perforation 
was recorded. Histological data was retrieved for site 
of tumour, TNM staging was based on postoperative 
histological findings along with degree of tumour 
differentiation, lymphovascular invasion (LVI), perineural 
invasion (PNI), resection margin status (R). Lymph 
node ratio (LNR) was calculated as the ratio of disease 
positive nodes to the total number of lymph nodes 
retrieved. Clinic letters and correspondences within the 
computerised hospital database were accessed to gain 
information on presentation, mode of surgery and neo-
adjuvant and adjuvant therapies. Treatment decisions 
regarding neo-adjuvant and adjuvant therapies were 
carried out in multi-disciplinary team meetings based 
on patient fitness, symptoms, synchronous disease and 
post-operative recovery. Generally, patients with rectal 
tumour received neo-adjuvant therapy if the tumour 
was > T3b or in presence of nodal disease on cross-
sectional imaging. 

Surveillance following curative colorectal cancer 
resection incorporated 6 monthly clinical assessments 
for 3 years followed by annual reviews for a total 
of 5 years for patients without recurrent disease. 
This assessment was supplemented by 6 monthly 
CEA levels (Carcinoembroyic Antigen), CT of chest, 
abdomen and pelvis within 2 years of surgery and 
5-yearly surveillance colonoscopy (following completion 
colonoscopy within a year where indicated) until the 
age of 75 years (or longer if life expectancy deemed 
longer than 10 years at this stage). Detection of new 
symptoms, increased CEA levels, and abnormal CT or 
colonoscopy findings warranted multidisciplinary team 
review during follow-up. Patients developing an extra-
colonic primary malignancy during the course of follow-
up were excluded from the study to minimise bias. 
Survival data was obtained as all-cause mortality using 
the Demographics Batch Service (DBS) to access the 
national electronic database of the United Kingdom 
NHS. 

Primary outcome was development of early re
currence disease within three years of curative resection. 
This was subdivided into liver, lung and local recurrence. 
Secondary outcomes were overall recurrence, three-year 
and overall survival.

Statistical analysis was performed using SPSS® 

version 20.0 (IBM, New York, NY, United States) using 
non-parametric tests (χ 2 test and logistic regression). 
Continuous data in the text are reported as median 
(range), unless stated otherwise. P < 0.050 was 
regarded as significant. Variables with P > 0.100 
on univariate analysis were excluded from multiple 
regression predictive model analyses. Models with 
multiple variables were assessed for interactions. 
Receiver operating characteristic (ROC) curves were 
plotted for continuous variables to estimate threshold 
values that differentiated groups. Survival analysis was 

carried out using the Kaplan-Meier method. Differences 
in survival curves were assessed using the log rank 
method.

RESULTS
The database identified 266 patients meeting the 
inclusion criteria during the study period. Median period 
of follow-up was 7.9 years (4.6 to 12.6 years). The 
median age at the time of surgery was 68 years (26 
to 91 years) with a male to female ratio of 1.5:1.1. 
Surgery was undertaken as an elective procedure in 225 
patients (84.6%) and as an emergency in 35 (13.2%) 
patients and remained unclear for 6 (2.2%) patients. 
The indication for emergency surgery was not identified 
in 3 patients. Bowel obstruction was the predominant 
indication for emergency surgery, undertaken in 28 
patients compared to 9 patients with a diagnosis of 
perforation on presentation. 

Of the total 266 patients, 151 were diagnosed 
with tumours situated in the colon and 115 within the 
rectum. Data on neo-adjuvant therapy was missing 
in 12 patients (7 colonic and 5 rectal cancers). None 
of the remaining patients with colon cancer received 
neo-adjuvant therapy before surgery. Of 115 patients 
with rectal cancer, 39 (33.91%) received pre-operative 
radiotherapy, 10 (8.69%) received pre-operative 
chemo-radiotherapy and 5 (4.31%) had pre-operative 
chemotherapy alone. Postoperatively, amongst patients 
with tumour sited in the colon, only 53 (35.10%) 
received adjuvant therapies (data missing in 6 patients). 
Amongst patients with rectal cancer, 54 (46.96%) 
received neo-adjuvant therapy and 14 of these patients 
proceeded to have further adjuvant therapies post-
operatively. Overall, 30 (26.09%) patients with rectal 
cancer had adjuvant therapies post-operatively (missing 
data in 3). 

The site and histological features of the primary 
colorectal tumour in all 266 patients are shown in Table 1. 
TNM staging is presented from postoperative histological 
assessment. Pre-operative radiological changes in 
staging before and after neo-adjuvant therapy were 
not collected. Although T stage was not recorded for 18 
patients positive residual disease was identified in 16 of 
these patients. Lymph node status was missing in 17 
patients. 

Emergency surgery for colorectal cancer 
Complete data was available from 35 patients 
undergoing emergency colorectal cancer resection. 
Detailed characteristics of patients undergoing 
emergency and elective colorectal resection for cancer 
are shown in Table 2. No significant differences were 
noted between the two groups in age, sex, tumour 
grade, nodal disease, LNR, LVI, PNI or resection margin 
status on univariate regression analysis. Right colon 
was more commonly the site of primary cancer in the 
emergency group and associated with higher rate of 
obstruction. More patients undergoing emergency 
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surgery had T4 disease stage on univariate analysis (OR 
= 4.33, 95%CI: 2.03-9.25, P < 0.001) and a higher 
proportion received adjuvant therapies post-resection 
compared to elective resection (45.7% vs 28.8%, OR 
= 2.10, 95%CI: 1.01-4.37, P = 0.047). Multivariate 
modelling was not carried out as no other histological 
parameter reached significance of P < 0.100. 

Emergency resection was also positively associated 
with increased risk of recurrent disease on univariate 
analysis (48.57% vs 20.89%, OR = 3.60, 95%CI: 
1.69-7.64, P = 0.001) with liver being the commonest 
site of early recurrent disease (40.0% vs 11.6%, OR 
= 5.78, 95%CI: 2.66-12.55, P < 0.001). A subset 
analysis demonstrated a greater proportion of patients 
undergoing emergency resection received adjuvant 
therapies compared to elective resection (45.7% vs 
28.9%). In the emergency surgery group, patients with 
T4 disease were likely to received adjuvant therapies (P 
= 0.004). These patients receiving adjuvant therapies 
demonstrated an increased trend towards risk of 
liver metastasis but it failed to reach significance (P = 
0.089). No differences were seen in recurrence rates 
for lung and local disease in the two groups. Although, 
median period to recurrence in days was shorter in 
the emergency resection group, this did not reach 
significance (OR = 0.99, 95%CI: 0.99-1.00, P = 0.181). 

Patients undergoing emergency resection also 
displayed adverse disease free survival (DFS) and 
overall survival compared to elective resections. Median 
DFS and overall survival were poorer in the emergency 
resection at 1155 days (Log rank P < 0.001, Figure 1) 
and 1931 d (Log rank P = 0.027, Figure 2) respectively. 

Patterns of recurrent disease and survival
Recurrent disease was observed in 67 out of 264 
patients with available data (25.38%) during the 
median follow-up period of 7.9 years (range 4.6 to 12.6 
years). Amongst patients with recurrence, liver was the 
commonest site in 49 out of 67 (73.13%) patients with 
isolated liver disease in 41 patients. This was followed 
by lung disease in 14 (20.90%) patients with isolated 
disease in 4. Local recurrence was seen in 10 (14.93%) 
patients and 6 of whom had isolated local disease. 
Ten patients developed recurrence at multiple sites; 7 
(10.45%) with concomitant liver and lung and 3 (4.58%) 
patients had lung metastasis with local recurrence. 

Recurrence was predominantly early (< 3 years) 
affecting 55 patients (Table 3). The liver remained the 
commonest site of early recurrent disease with 35 out 

Tumour site
   Rectum 115 (43.23)
   Recto-sigmoid junction   2 (0.75)
   Sigmoid   64 (24.06)
   Descending/splenic flexure   7 (2.63)
   Transverse colon 14 (5.26)
   Ascending/hepatic flexure 15 (5.64)
   Caecum   49 (18.42)
Tumour size1

   T1   8 (3.00)
   T2   54 (20.30)
   T3 121 (45.49)
   T4   66 (24.81)
   Missing 18 (6.77)
Nodal status and invasion1

   N0 154 (57.89)
   N1   65 (24.43)
   N2   30 (11.28)
   LVI (data missing in 15)   60 (22.56)
   PNI (data missing in 15) 14 (5.26)
Resection margin (data missing in 16)
   R0 229 (86.09)
   R1 14 (5.26)
   R2   7 (2.63)
Tumour differentiation (data missing in 17)
   Well 22 (8.27)
   Moderately 176 (66.17)
   Poor   51 (19.17)

Table 1  Site of primary tumour and histological features in 
266 curative resections for colorectal cancer n  (%)

1Values given in parenthesis are percentages. Disease staging was based 
on postoperative histology findings and stage was not compared with 
preoperative radiological staging or post neoadjuvant therapy. T: Tumour 
size; N: Nodal status; LVI: Lymphovascular invasion; PNI: Perineural 
invasion; R: Resection margin.

Variables Emergency 
surgery

Elective 
surgery

P 2

n 35 225
Median age in years 70 (41-85)   68 (26-91) NS
Sex (males/females) 20/15 128/97 NS
Site of CRC -
   Right colon  17 (48.6%)    56 (24.8%) < 0.001
   Left colon  15 (42.9%)    58 (25.8%) NS
   Rectum  3 (8.6%)  111 (49.3%) < 0.001
Obstruction  26 (74.3%)   21 (0.9%) < 0.001
   Right colon  15 (42.9%)    1 (0.4%) -
   Left colon  10 (28.6%) 0 -
   Rectum  1 (2.9%)    1 (0.4%) -
Perforation    9 (25.7%) 0 < 0.001
   Right colon  2 (5.7%) 0 -
   Left colon    5 (14.3%) 0 -
   Rectum  2 (5.7%) 0 -
Neoadjuvant therapy  1 (2.9%)    53 (23.6%)     0.021
Adjuvant therapy  16 (45.7%) 65 (28.8)     0.047
Poorly differentiated    5 (14.3%)    44 (19.6%) NS
T4 disease  18 (51.4%)    46 (20.4%) < 0.001
Positive resection margin  2 (5.7%)  19 (8.4%) NS
N2 disease  15 (42.9%)    78 (34.7%) NS
Liver metastasis  16 (42.1%)    30 (13.3%) < 0.001
   Early (< 3 yr)  14 (40.0%)    26 (11.6%) -
Lung metastasis  3 (8.6%)  10 (4.4%) NS
   Early (< 3 yr)  3 (8.6%)    8 (3.6%) -
Local metastasis  1 (2.9%)    9 (4.0%) NS
   Early (< 3 yr)  1 (2.9%)    6 (2.7%) -
Overall recurrence  17 (48.6%)    47 (21.3%)     0.001
Median recurrence in days     280 (112-1155)     420 (70-1855) NS
Median DFS in days   1120 (105-3892) 2302 (704522)     0.004
Median survival in days   1913 (105-3892)    2359 (194-4522)     0.040

1Subacute obstructed were managed as a planned resection. Six patients 
were excluded for missing data from the study cohort of 266 patients; 
2Significance at P < 0.05. CRC: Colorectal cancer; DFS: Disease free 
survival; NS: Not significant.

Table 2  Patient characteristics for emergency and elective 
colorectal cancer resection
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of 41 patients presenting with isolated liver disease. 
Early multi-site disease was seen in a small proportion 
of patients with liver disease (4 patients with liver and 
lung disease, 2 with liver and lung and local disease). 
In contrast, isolated lung disease was noted in only 3 
out of 11 patients with early disease (4 patients had 
lung and liver disease, 2 had lung disease with local 
recurrence, 2 had lung, liver and local recurrence). Local 
recurrence was seen in 7 patients and was isolated in 3. 

Recurrence between 3 to 5 years following curative 
resection represented 14.92% (10 patients) of overall 
recurrent disease. The liver remained the predominant 
site with 5 patients demonstrating isolated liver disease 
and 1 with liver and lung metastasis. Two patients 
presented with lung disease (1 isolated and 1 combined 
lung and liver disease) and 3 patients presented with 
isolated late local recurrence. Beyond the 5-year follow-
up period, 1 patient developed isolated liver disease and 
1 had liver and lung metastasis. No local recurrence 
was noted beyond 5-year follow-up. 

Age, sex, tumour location, tumour differentiation 
and neo-adjuvant therapy did not show correlation with 
early all-site recurrent disease. Significant histological 
markers of early recurrence on univariate analyses 
included T4 stage (OR = 3.61, 95%CI: 1.88-6.96, P < 
0.001), N2 nodal status (OR = 4.18, 95%CI: 1.89-9.24, 
P < 0.001), LVI (OR = 3.40, 95%CI: 1.79-6.46, P 
< 0.001), PNI (OR = 4.54, 95%CI: 1.51-13.60, P < 
0.007) and R1 resection margin (OR = 4.51, 95%CI: 
1.50-13.53, P = 0.007). LNR provided a strong 
correlation for early all-site recurrence on univariate 
analyses (OR = 25.55, 95%CI: 4.52-144.32, P < 0.001) 
with an optimal cut-off at 0.015 (52.7% sensitivity and 
68.4% specificity). In a multivariate predictive model 
for early all-site recurrence, emergency surgery with 

perforation was the strongest predictor amongst factors 
including T4 stage and LVI.

For early liver disease, no correlation was noted with 
age, sex, site of tumour or tumour differentiation on 
univariate analysis. Emergency surgery was associated 
with a higher risk of recurrent disease in the liver (OR 
= 5.13, 95%CI: 2.33-11.30, P < 0.001), with an 
adverse outcome in the presence of perforation than 
obstruction alone (OR 4.78 vs 3.74). Histological factors 
demonstrating significance on univariate analysis 
included T4 stage (OR = 2.76, 95%CI: 1.32-5.76, P = 
0.007), N2 stage (OR = 3.32, 95%CI: 1.42-7.76, P = 
0.006), LVI (OR = 3.02, 95%CI: 1.49-6.10, P = 0.002), 
PNI (OR = 3.71, 95%CI: 1.17-11.80, P = 0.026) and 
R1 resection margin (OR = 3.70, 95%CI: 1.16-11.74, 
P = 0.027). LNR (OR = 11.69, 95%CI: 1.94-70.24, P 
= 0.007) provided AUC of 0.61 (95%CI: 0.51-0.71, 
P = 0.023) with the optimal cut-off at 0.015 (53.7% 
sensitivity and 67.3% specificity). A multivariate 
predictive model of presentation and histological 
features showed that perforation at the time of surgery 
was the strongest independent predictor of early liver 
recurrence amongst other markers of predictive value 
(Table 4).

No independent predictors were identified for early 
lung recurrence. Early local recurrence represented a 
very small number of patients (7) for detailed analyses. 

Long-term survival data was available from 262 
patients with a median survival of 9.9 years. One-, 
three- and five-year survival in the study cohort was 
96%, 82% and 72% respectively. Emergency surgery 
was associated with poorer survival (log rank P = 0.027) 
with 1, 3 and 5 year survival at 90%, 65% and 50% 
respectively (Figure 2). Multivariate Cox regression 
demonstrated T4 status to be a stronger predictor 

Site of recurrence Early recurrence (n  = 55) Colonic cancer (n  = 151) Rectal cancer (n  = 115) P 1

Liver 41 (74.55%) 25 16 0.554
Lung 11 (20.00%)   6   5 0.879
Local   7 (12.73%)   4   3 0.984
> 1 site   8 (14.55%)   4   4 0.695

1Significance at P < 0.05, colonic cancer vs rectal cancer. Number in parenthesis is percentage unless stated otherwise.

Table 3  Site of early (< 3 yr) and overall recurrent disease during follow-up

Early liver recurrence B SE OR 95%CI

T4 0.453 0.440 0.303 1.574 0.664-3.729
N2 0.706 0.540 0.191 2.025 0.703-5.831
LVI 0.974 0.456 0.033 2.648 1.084-6.468
PNI 0.735 0.700 0.294 2.085 0.529-8.214
R1 0.954 0.726 0.189 2.597   0.626-10.777
Obstruction 1.385 0.514 0.007 3.995   1.457-10.949
Perforation 1.958 0.781 0.012 7.086   1.533-32.749

B: Regression coefficient; SE: Standard error; OR: Odds ratio; T: Tumour size; N: Nodal status; LVI: Lymphovascular invasion; PNI: Perineural invasion; R: 
Resection margin.

Table 4  Prognostic factors for early liver recurrence
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of adverse outcome than emergency surgery (HR 
1.96, 95%CI: 1.27 to 3.02, P = 0.003). No significant 
difference in long-term survival was noted in patients 
with colonic or rectal disease (log rank P = 0.217).

Amongst histological features, T4 disease (HR 
= 1.65, 95%CI: 1.05-2.60, P = 0.031), PNI (HR = 
3.20, 95%CI: 1.72-5.97, P < 0.001) and LNR were 
independent predictors of adverse outcome in a 
multivariate Cox regression model. LNR was associated 
with the greatest risk of early death (HR = 11.87, 
95%CI: 3.98-35.36, P < 0.001). 

Median survival with early recurrence was 2.62 
years (95%CI: 1.92-3.31). In the presence of early 
liver recurrence, median survival was 2.78 years 
(95%CI: 2.27-3.39); early lung disease was 2.17 years 
(95%CI: 1.82-2.53) and early local recurrence was 
1.80 years (95%CI: 1.27-2.33). For overall recurrence, 
isolated liver or lung only metastatic disease showed a 
better survival pattern than multi-site or local recurrent 
disease (Figure 3). Median survival in isolated liver 
disease was 2.87 years (95%CI: 2.39-3.35), which 
was not significantly different compared to 3.98 years 
(95%CI: 1.12-6.85) for isolated lung recurrence. Multi-

site disease and local disease were associated with 
significantly adverse survival compared to isolated liver 
disease.

DISCUSSION
Emergency resection for colorectal cancer presents a high 
risk group with increased risk of early recurrence and 
adverse long-term survival. Right colonic tumours and T4 
stage are prognostic predictors for emergency colorectal 
cancer resection. T4 stage, LVI and emergency resection 
also offer a strong prognostic prediction for development 
of recurrent disease identifying high-risk patients for 
aggressive surveillance or adjuvant therapies.

Emergency colorectal resection constituted 13.2% 
of patients undergoing curative surgery and did not 
constitute all emergency presentations with symptomatic 
colorectal cancer. This is smaller than the reported 
national average of up to 30%[17,26] and may be the 
result of patient selection practices and the emerging 
role of self-expanding metal stent for acute malignant 
large bowel obstruction. Emergency surgery in our 
cohort was associated with poorer early and long-
term survival. Hogan et al[20] concluded similarly that 
emergent surgery was associated with higher rates 
of local recurrence and poorer disease-free survival. 
Patients presenting in an emergency setting with 
advanced disease may have a distinct, aggressive 
tumour with unfavourable biology[22] and therefore 
these patients may be more prone to early recurrence. 
Furthermore, in the emergency setting patients have 
altered physiology and are immunosuppressed so that 
tumour dissemination in these circumstances occurs 
more easily[21]. Correlation between the increased 
morbidity of emergency surgery and timely or successful 
progression to adjuvant therapies was not specifically 
evaluated. The use of self-expanding colonic stents 
offers to address the associated high morbidity and 
mortality with emergency surgery[27,28].

Lymph node involvement, along with depth of bowel 
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Figure 1  Median disease free survival and overall survival were poorer in 
the emergency resection at 1155 d (Log rank P < 0.001). 
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Figure 2  Median disease free survival and overall survival were poorer in 
the emergency resection at 1931 d (Log rank P = 0.027).
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disease showed a better survival pattern than multi-site or local recurrent 
disease.
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wall invasion, has represented an important prognostic 
indicator for metachronous metastasis[29]. This is in 
broad correlation with our study. Nodal status was 
noted to be an independent predictor in early all-site 
recurrence, but no independent predictive value was 
noted for early liver and lung recurrent disease. In the 
setting of emergency surgery, where adequate lymph 
node yield may be compromised, LNR may prove to be 
a more useful prognostic tool since the patient’s physiology 
might not tolerate prolonged surgery in order to attain a 
good lymph node yield.

Keum et al[30] concluded that high risk factors for 
recurrence include rectal cancer, T2 stage and an 
infiltrative growth pattern. However, this study only 
looked at patients who underwent resection for stage 
I colorectal cancer which may explain their finding of 
T2 stage compared with ours of T4 stage. It has been 
stated previously that rectal tumours and younger 
age at presentation have a higher recurrence risk[31]. 
However, this was not the case in our study for reasons 
that are not clear to us.

LVI was also found to be an independent predictor 
of early all-site recurrence in a similar study by Huh et 
al[32] however they classified early recurrence as less 
than 1 year after operation. Lim et al[33] found that after 
attempted curative resection, patients with LVI-positive 
tumours had a higher rate of all-site recurrence than 
those without LVI. This is in correlation with our study.

Up to 50% of patients develop hepatic metastases 
within the first three years after curative resection[3]. 
In our study, overall recurrence occurred in 25% of 
the patient population, with 82% of the recurrence 
diagnosed within three years after resection. This 
is commensurate with the reported literature[4,34]; 
Meyerhardt et al[4] reports 80% of recurrences occur 
within the first three years. The liver was by far the 
most common site for early recurrence with 74% of 
cases occurring there. This is due to haematogenous 
spread via the portal venous system[35]. Pietra et al[36] 
also reported that 65% of recurrence occurred in the 
liver, in keeping with our observation. 

Median survival of patients with early liver recurrence 
was 2.78 years. This compares favourably with patients 
presenting with early local recurrence who had a 
median survival of 1.8 years. This improved outcome 
may be a reflection of a more aggressive approach 
of isolated liver disease with the advent of improved 
liver parenchyma sparing techniques and advances 
in surgical techniques and perioperative care. The 
5-year survival rate for patients that undergo curative 
metachronous resection of four or less hepatic lesions 
is 24%-58%[37-40]. A 5-year survival of 24% has also 
been reported for curative metachronous resection 
of > 8 hepatic lesions[41]. Detection of metachronous 
disease as early as possible is imperative in limiting the 
extent of resection and improving survival. Renehan 
et al[15] highlighted the value of intensive follow-up by 
demonstrating a high detection of early metachronous 
disease by aid of CEA and computed tomography. 

This has delivered an opportunity for early detection 
and planning of definitive intervention. This may allow 
for more liver parenchymal-sparing techniques in the 
form of metastectomies and also improve the success 
of redo-hepatectomies[42]. The earlier the diagnosis is 
made, the more likely it is going to be resectable[43].

The lungs are the second most common location 
for metastatic spread of colorectal cancer[44]. It 
occurs in 5%-15% of patients and not all of these 
have concurrent liver metastases[45]. Only 4.1% of 
patients with synchronous pulmonary metastases are 
resectable, whereas 14.8% of patients with meta
chronous pulmonary metastases are resectable[46] 

with a 36%-40% 5-year survival rate in resected 
patients[47]. In our study, 14 (5.2%) patients 
developed lung metastases in the follow-up period 
with a median survival period of 2.17 years. Nodal 
status and Dukes stage were predictive of early lung 
recurrence on univariate analysis but not multivariate 
analysis. This result should be treated with caution 
due to the limited number of patients who developed 
lung metastases. This is in contrast to a similar study 
by Kim et al[48] that reported a 3 year overall survival 
rate of 54.6%, although their study included 105 
patients. Our study only contained 14 patients who 
developed lung metastases and it is possible that 
increased survival may have occurred with more 
patients in this category. 

Negative predictive features when considering 
a patient for pulmonary metastatectomy follow a 
similar pattern to metastasis elsewhere and include 
an unresectable primary tumour, extra-pulmonary 
metastases, resection margins (R1/2) and mediastinal 
lymph node disease[49]. Blackmon et al[50] concluded 
that more than three lung metastases present at the 
first metastatectomy and a preoperative disease free 
survival of less than three years predicts recurrence. 
This suggests that early pickup of metastases means 
more patients can be considered for a successful 
resection. However, due to a small number of patients 
with lung disease in our cohort, no meaningful analyses 
of multiple clinical and pathological factors could be 
carried out. 

The value of early detection of metastatic disease 
in offering an absolute reduction in mortality is clear[15]. 
Predictive tools can aid the clinician in identifying 
patients at higher risk of early metachronous meta
stasis as not all patients will benefit from aggressive 
surveillance. Our results suggest that there may be 
a subgroup of patients who would benefit from more 
intensive follow-up. As most tumours recur within the 
first three years after resection[34,51], it is imperative that 
the focus on follow-up occurs during this time frame. 
However, there is a lack of specific guidance for patients 
who may be at increased risk. 

Current surveillance protocols consist of a com
bination of CEA testing, CT scans, and colonoscopy. 
Emergency surgery and the presence of specific 
histological features can inform the selection of patients 
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at high-risk of early recurrence and should be factored 
into surveillance strategies. There is a substantial 
range in intensity of follow-up with the United 
Kingdom having noticeably less intensive follow-up in 
comparison to American collaborators[4,21,22]. A recent 
United Kingdom study of 1202 participants who had 
undergone curative surgery for primary colorectal 
cancer found no survival benefit from combined 
intensive monitoring groups compared to follow-up only 
if symptoms recurred[52]. This study was a randomised 
trial and so highlights the need to target the patients 
that would benefit from an intensive follow-up 
regimen. This has benefits for all stakeholders; earlier 
detection of recurrence in high-risk patients and a 
reduction of unnecessary investigations in the low-
risk group. Exciting developments in the availability of 
other prognostic markers in the future may enhance 
the efficacy of a risk-adapted follow-up strategy[53]. The 
overexpression of vascular endothelial growth factor[54] 
and interleukin-8[55] in colorectal carcinoma cells are 
two such examples.

Our study is limited, foremost by the retrospective 
approach of data gathering using the hospital coding 
process. The weaknesses of such a design are well 
known[56]. Secondly, relevant data on neoadjuvant and 
adjuvant therapies and cause of death was not available 
to afford reliable assessment of correlation. More 
patients in the emergency resection group received 
postoperative adjuvant therapies which may have 
been the result of a higher tumour stage (T4), early 
recurrence disease or palliative treatment. Indication for 
post-operative therapies and cause of death outcomes 
were not collected and survival was calculated on 
basis of all-cause mortality. The majority of recurrent 
disease occurred in the liver, leading to more reliable 
statistical conclusions here. However, this was limited 
in number for both lung and local recurrent disease 
reflecting differences in association of histological and 
clinical predictive features. Furthermore, low event 
rates in neo-adjuvant therapies and positive resection 
margins, missing data on total number of lymph nodes 
harvested, limited reliable evaluation of these factors in 
overall outcomes. 

Although emergency presentation in the form of 
obstruction continues to represent a significant proportion 
of patients with initial diagnosis, self-expanding colonic 
metal stents are likely to play an increasingly important 
role in improving immediate postoperative outcomes, 
stoma rates and long-term outcomes without adverse 
oncological outcomes[28]. Proven survival benefit from 
primary and redo liver resections in isolated disease 
and emerging technologies for palliative control of local 
and distant metastatic disease mean that predictive 
clinicopathological markers could be used in a more 
intensive, targeted surveillance strategy to identify more 
patients with early recurrence. Emergency resection, 
tumour stage, lymphovascular invasion and lymph node 
ratio > 0.015 represent a high-risk of recurrent disease 
and can inform surveillance strategies to enable early 

interventions.

ARTICLE HIGHLIGHTS 
Research background
Colorectal cancer is the fourth most common cancer in the United Kingdom 
with over 40000 cases diagnosed each year. Despite the widespread use of 
screening programs, a large number of cases are diagnosed in the acute or 
urgent setting with adverse post-operative mortality, disease-free and overall 
long-term survival. 

Research motivation
A large proportion of patients with colorectal cancer are diagnosed in the 
acute setting with an emergency presentation (26%) or following an urgent 
2-wk referral (27%). Compared to elective resection, emergency surgery is 
associated with adverse postoperative outcomes (post-operative mortality 
4.6% vs 16%), disease-free and overall long-term survival. The basis for this 
is multifactorial and may include altered physiology, immune-suppression, 
adverse tumour biology, advanced disease, peri-operative complications and 
lower progression to adjuvant therapies. 

Research objectives
Adverse predictive factors for survival in colorectal cancer include emergency 
presentation with obstruction or perforation and histo-pathological features 
such as T4 disease, advanced nodal disease. Lymph node ratio offers to a new 
representation of nodal disease. Although it is affected directly but the lymph 
node yield, its utility as a predictive tool for recurrent disease has not been 
evaluated. We aimed to identify clinical and histological predictive factors for 
early recurrence disease and pattern to inform surveillance strategies and aid in 
early detection. 

Research methods
Following institutional approval, a retrospective study of clinical and histo-
pathological parameters was carried out to study patterns of recurrence and 
survival in consecutive patients undergoing elective and emergency resection 
for colorectal cancer over an eight-year study period. 

Research results
Outcomes were evaluated in 266 consecutive patients following curative 
surgery with a median follow-up of 7.9 years. The proportion of patients 
undergoing emergency resection was 13.2%. Recurrent disease was detected 
in 67 patients (25.2%) during follow-up with the majority identified early within 
3 years (82.1%). Liver was the predominant site of metastatic disease (73.1%). 
Emergency resection (OR = 3.60, P = 0.001), T4 stage (OR = 4.33, P < 0.001) 
and lymphovascular invasion (LVI) (OR = 2.37, P = 0.032) were associated with 
higher risk of recurrent disease. Emergency resection, T4 disease and a high 
lymph node ratio (LNR) were strong independent predictors of adverse long-
term survival. 

Research conclusions
Our study reaffirms the independent predictive potential of histological and 
clinical features for recurrent disease in patients undergoing emergency 
resection for colorectal cancer. Furthermore, it introduces the independent utility 
of lymph node ratio (LNR) alongside T stage and lympho-vascular invasion in 
identifying patients with high risk of recurrent disease. 

Research perspectives
Modified surveillance strategies should be evaluated in presence of adverse 
clinical and histological factors to improve early detection of recurrent disease in 
high-risk patients to offset adverse disease-free and overall long-term survival. 
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Abstract
AIM
To compare gut bacterial diversity and amount of 
Enterobacteriaceae  in colonic mucosa between patients 
with and without diverticular disease (DD).

METHODS
Patients in a stable clinical condition with planned 
elective colonoscopy were included. Blood samples 
and colon mucosa biopsies were collected at the 
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colonoscopy. Study questionnaires including questions 
about gastrointestinal symptoms were completed by 
the patients and physicians. DNA from mucosa samples 
was isolated and the amount of Enterobacteriaceae  
was estimated using PCR assay. Terminal restriction 
fragment length polymorphism was applied to 
assess microbial diversity. Diversity was estimated by 
calculations of richness (number of terminal restriction 
fragments) and Shannon-Wiener and Simpson’s indices. 

RESULTS
A total of 51 patients were included, 16 patients with 
DD [68 (62-76) years] and 35 controls [62 (40-74) 
years] without any diverticula. Patients with DD 
had significantly higher levels of Enterobacteriaceae 
than those without DD (P  = 0.043), and there was 
an inverse relationship between the amount of 
Enterobacteriaceae  and the Simpson’s index (rs = 
-0.361, P  = 0.033) and the Shannon-Wiener index 
(rs = -0.299, P  = 0.081). The Simpson’s index (P  = 
0.383), Shannon-Wiener index (P  = 0.401) or number 
of restrictions fragments (P  = 0.776) did not differ 
between DD and controls. The majority of patients 
experienced gastrointestinal symptoms, and 22 
patients (43.1%) fulfilled the criteria for irritable bowel 
syndrome, with no difference between the groups (P  
= 0.212). Demography, socioeconomic status, lifestyle 
habits, inflammatory biomarkers, or symptoms were 
not related to the amount of Enterobacteriaceae  or 
bacterial diversity. 

CONCLUSION
Patients with DD had higher amount of Enterobacteriaceae 
in the colon mucosa compared to patients without 
diverticula. 

Key words: Bacterial diversity; Diverticular disease; 
Enterobacteriaceae ; Gut microbiota; Irritable bowel 
syndrome

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Colon mucosa biopsies were collected from 
consecutive patients (n  = 51) at the time of elective 
colonoscopy. Patients were grouped into patients with 
diverticular disease (DD) (n = 16) and controls without any 
diverticula (n = 35). The amount of Enterobacteriaceae 
and bacterial diversity were analyzed. Patients with DD 
had significantly higher levels of Enterobacteriaceae than 
controls (P  = 0.043). Bacterial diversity did not differ 
between groups. All but 8 patients exhibited some kind 
of gastrointestinal symptoms, and 22 patients (43.1%) 
fulfilled the criteria for irritable bowel syndrome, without 
difference between groups (P  = 0.212). Demography, 
socioeconomic status, lifestyle habits, inflammatory 
parameters, or gastrointestinal symptoms did not affect 
the gut microbiota examined.
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INTRODUCTION
Diverticular disease (DD) is a common gastrointestinal 
disease of unknown etiology. The symptoms of 
DD are similar with symptoms of irritable bowel 
syndrome (IBS)[1], e.g., abdominal pain, bloating and 
altered bowel habits, and are present in 10%-25% 
of subjects[2]. About 1.5%-4% of patients with DD 
develop diverticulitis at some time during their lives[3,4]. 
An acute attack of diverticulitis may lead to chronic 
symptoms called post-diverticulitis IBS, in analogy 
with post-infectious IBS observed after an acute 
attack of gastroenteritis[5,6]. The hypothesis behind IBS 
development is that low-grade inflammation and/or 
altered intestinal gut microbiota in DD may contribute 
to visceral hypersensitivity and dysmotility with ensuing 
symptoms[7,8].

The gut microbiota is discussed as important for 
the etiology and pathophysiology in a wide range of 
diseases. Bacterial diversity is higher in lean compared 
to obese individuals, and in healthy states compared 
to unhealthy states, and some bacterial groups, e.g., 
Enterobacteriaceae, are associated with over-weight 
and inflammation[9-11]. The family Enterobacteriaceae 
is commonly found in the gut ecosystem, where 
Escherichia coli is the most abundant species of the 
family[9]. Low bacterial diversity and increased levels of 
Enterobacteriaceae/Escherichia coli have been linked to 
inflammatory bowel disease (IBD) in humans[12-14]. The 
findings of abundance of Enterobacteriaceae/Escherichia 
coli in experimental animal models of intestinal 
inflammation[15], and the ability of these bacteria to 
induce colitis[16], have strengthened the hypothesis that 
these bacteria are of importance in the etiology of IBD.

Only a few studies have been performed regarding 
microbial composition in DD. Recently, lower amounts of 
Enterobacteriaceae were found in the colon mucosa of 
DD patients compared with healthy controls[17], whereas 
higher amounts of Akkermansia and no difference in the 
Escherichia coli subgroup were found in feces in another 
DD cohort[18]. 

The primary aim of the present study was to 
compare the level of the large Gram-negative bacterial 
family Enterobacteriaceae and gut bacterial diversity in 
colon mucosa between consecutive patients diagnosed 
with DD and patients with normal endoscopic findings. 
Secondary aims were to evaluate the influence of 
demography, socioeconomic status, lifestyle habits, 
inflammatory parameters and gastrointestinal 
symptoms on the gut microbiota.
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MATERIALS AND METHODS
Study population and study design
All consecutive patients referred to elective colonoscopy 
at the Department of Endoscopy, Skåne University 
Hospital, Malmö, were invited to participate in the 
study. All patients were in a stabile clinical condition, 
and no one suffered from any acute inflammation, 
such as diverticulitis. The only exclusion criteria were 
age of ≤ 18 years and inability to understand the 
Swedish language. The patients were informed in 
oral and written communications at the arrival to the 
Department the day of examination. If they agreed to 
participate, they had to complete a study questionnaire 
about demography, socioeconomic status, lifestyle 
habits, family history and medical history, the Visual 
Analog Scale for Irritable Bowel Syndrome (VAS-IBS), 
and a nutrition questionnaire to analyze dietary habits. 
The colonoscopy was performed according to clinical 
routines. Four different mucosa biopsies were obtained 
from the mid part of the colon descendens. Samples 
were stored at -80 °C until the gut microbiota was 
analyzed by quantitative polymerase chain reaction 
(qPCR) and terminal restriction fragment length 
polymorphism (T-RFLP). Blood samples were collected 
according to clinical routines and analyzed at the 
Department of Clinical Chemistry. A study protocol was 
completed by the physician about clinical findings and 
histopathological diagnoses. The patients were divided 
into two groups depending on the colonoscopy finding: 
patients with DD, and patients without any diverticula 
who served as controls.

Tissue sampling
The patients were examined by colonoscopy 
according to clinical routines after prior laxation 
with Laxabon® (potassium chloride and macrogol; 
BioPhausia, Stockholm, Sweden). At the end of 
the colonoscopy, when the clinical examination 
was completed, four different mucosa biopsies were 
obtained from intact, inter-diverticular mucosa in the 
mid part of the colon descendens. This location was 
chosen since the left colon is the region most often 
affected by diverticula and is more accessible than the 
right colon. The biopsies were immediately frozen in 
liquid nitrogen and kept frozen at -80 °C until analysis. 
Histopathological examination was performed on 
separate mucosa samples when IBD had to be excluded 
or verified.

Questionnaires
Study questionnaire: The questionnaire included 
questions on age, body mass index (BMI), family 
history, lifestyle habits, educational achievement, 
occupation, civil status, circumstances concerning 
delivery and breast-feeding, place of birth and moving 
patterns, and medical history. The patients had to 
answer whether they had been diagnosed with celiac 
disease, IBD, lactose intolerance, reflux or ulcer. They 

were asked whether they experienced gastrointestinal 
symptoms which fulfilled the Rome IV criteria of 
functional dyspepsia or IBS[19,20]. This questionnaire was 
in structure and design similar to questionnaires used 
by other large current population-based and on-going 
screening projects in Sweden (i.e., LifeGene, EpiHealth, 
BIG-3, SCAPIS).

VAS-IBS: The VAS-IBS was used to investigate 
gastrointestinal complaints in the study groups. VAS-IBS 
is a validated, self-rating questionnaire for estimation 
of the most common gastrointestinal complaints 
experienced during the last 2 wk[21]. This questionnaire 
has also been validated for estimation of symptoms 
over time[22]. The five items measured in the VAS-IBS 
address the symptoms of abdominal pain, diarrhea, 
constipation, bloating and flatulence, and nausea and 
vomiting. These items were measured on a scale from 
0-100, where 0 represented severe problems and 100 
represented a complete lack of problems. Whether the 
patient suffered from symptoms or not, was defined as 
a score above the median values in healthy subjects[22].

Food questionnaire: The questionnaire included 
questions about dietary intake each meal in the form 
of red meat, fish or vegetables, making it possible to 
estimate dietary patterns. The number of days per 
week for intake of juice, coffee/tea, milk, sour milk, 
muesli, berries and fruit, marmalade, bread, cheese, 
ham and egg at breakfast, or snack were filled in. The 
participants were asked whether the lunch and dinner 
were homemade, or whether the participant had a 
lunch or dinner at a restaurant or a frozen precooked 
meal. 

Microbial analyses
DNA extraction: Three of the four mucosa samples, 
mean weight 15 ± 0.6 mg, were used for DNA 
extraction. DNA was isolated and purified by EZ1 
Advanced XL (EZ1 DNA Tissue Kit and Bacteria Card; 
Qiagen, Hilden, Germany)[10,23].

qPCR: The amount of Enterobacteriaceae was 
estimated using a qPCR assay according to Karlsson 
et al[10]. Primers used for the qPCR assay have been 
used and published previously[24,25]. The detection limit 
was 102 genes/reaction. For standard curves, 10-fold 
dilution series of the target DNA were made in EB buffer 
(Qiagen). Number of bacteria was expressed as log10 
16S rRNA genes/g feces. 

Microbial diversity: T-RFLP was applied to assess 
the microbial diversity, as previously described[26]. 
Thresholds for internal standard and terminal restriction 
fragments (T-RFs) were set to 5 and 15 fluorescence 
units, respectively. 

Calculations: Microbial diversity was estimated by 
calculation of richness (number of T-RFs) and Shannon-
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Wiener and Simpson’s diversity indices as described by 
Karlsson et al[10], with the exception that T-RFs within 
40-580 base pairs were included in the T-RFLP profile 
analysis and calculation. The diversity indices take into 
account both richness and evenness when considering 
the relative abundance of bacterial groups. Both indices 
are commonly used to assess microbial diversity[27]. 
Samples below the limit of detection (in qPCR) were 
replaced by the limit of detection for statistical analysis. 

Patient categorization
Depending on presence or absence of diverticula, the 
included patients were divided into patients with DD or 
control patients. The control patients either exhibited 
normal macroscopic endoscopic and microscopic 
histopathological findings or presence of benign polyps. 
The group categorization was performed independent 
of gastrointestinal symptoms. All patients with IBD 
or malignancy were excluded from the study. The 
diagnosis of IBD was set when the patients fulfilled 
the criteria for Crohn’s disease, ulcerative colitis or 
microscopic colitis, i.e., clinical and endoscopic findings 
in addition to inflammation at the histopathological 
examination, in accordance to the diagnoses criteria[28]. 

Statistical analysis
The statistical calculations were performed using the 
SPSS software, version 24.0 (Armonk, NY, United 
States). Non-parametric tests were used because 
of the low number of participants in each group and 
the skewed distribution of the values of VAS-IBS. 
Comparisons of continuous variables between groups 
were performed by either Mann-Whitney U test or 
Kruskal-Wallis test. Fisher’s exact test was used for 
dichotomous variables, and Spearman’s correlation test 
was used for correlations between parameters. Values 
are presented in median and interquartile ranges (IQRs) 
or number and percentage. P < 0.05 was considered 
statistically significant.

RESULTS
Patient characteristics
In total, 77 patients were invited to participate in the 
study. Nineteen patients denied to participate and 58 
patients were included. Six patients were later excluded 
since they fulfilled the criteria for IBD, and one because 
of colon malignancy. Finally, 51 patients were included 
in the present study, 16 with DD and 35 controls 
without organic changes visible at the colonoscopy or 
at the histopathological examination (n = 12), except 
non-malignant polyps (n = 23). The reasons for referral 
to colonoscopy were presence of gastrointestinal 
symptoms which rendered a colonoscopy to exclude 
IBD, malignancy or DD (n = 17), follow-up after 
previous resection of polyps (n = 17), rectal bleeding 
(n = 11), screening for cancer due to heredity (n = 4), 
or perforation to the urinary tract (n = 2). Only one 

subject in the DD group had a history of verified acute 
diverticulitis.

There was an equal sex distribution in the groups. 
Subjects without DD were slightly older than controls 
[68 (62-76) years vs 62 (40-74) years, P = 0.072], 
which may explain that more DD patients than controls 
had completed primary school as the highest education 
level. Age differences may also explain the lower degree 
of physical activity in the DD group. A few patients in 
both groups had been treated with antibiotics during 
the last 6 mo (Table 1). The moving patterns did not 
differ between groups. Sporadic cases of heart and lung 
diseases were found in both groups (data not shown).

Gastrointestinal symptoms
Altogether, 22 patients (43.1%) fulfilled the Rome IV 
criteria for IBS. The prevalence of functional dyspepsia, 
IBS, gastric ulcer, lactose intolerance and reflux was 
equally distributed between groups. Each symptom item 
estimated by the VAS-IBS questionnaire was present 
in about half of all patients examined. Only 4 patients 
in each group did not have any form of gastrointestinal 
symptoms (Table 2). There was a wide variety in 
symptom intensity within each group also. None of the 
items in VAS-IBS correlated with age (data not shown). 

Dietary patterns
All the participants who completed the nutrition 
questionnaire (n = 42) started the day with a breakfast, 
which in the vast majority of cases consisted of coffee 
or tea, together with bread and/or muesli and milk 
products. Twenty-seven participants had homemade 
lunch, whereas ten participants had lunch at a 
restaurant or had precooked meals, and five participants 
never had any lunch. Thirty-three participants had 
dinner at home, whereas eight participants had 
regular dinner at a restaurant or did not have dinner. 
Those who had homemade lunch suffered from more 
gastrointestinal symptoms compared with those who 
did not eat lunch, had lunch at a restaurant or had 
precooked meals, although bloating and flatulence was 
the only item that reached statistical significance [52 
(25-93) vs 88 (70-100), P = 0.024]. The difference 
could not be related to any differences in socioeconomic 
factors or smoking or alcohol habits (data not shown) 
or in age span [66 (50-76) vs 65 (59-72), P = 0.851]. 
When the patients were divided into three groups 
depending on lunch habits [(1) home-maid lunch; (2) 
lunch at a restaurant or precooked meals; and (3) no 
lunch], those who had homemade lunch registered the 
most severe gastrointestinal symptoms on all the VAS 
scales, although the differences did not reach statistical 
significance (data not shown). 

Microbiota and inflammatory biomarkers
Patients with DD had significantly higher levels of 
Enterobacteriaceae than patients without diverticula 
(P = 0.043; Table 3). Although patients with DD more 
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often had lower education and less physical activity, the 
different subgroups of these parameters did not affect 
the amount of Enterobacteriaceae, diversity indices of 
Shannon-Wiener or Simpson, or the number of T-RFs 
(P = 0.413, P = 0.803, P = 0.770, and P = 0.588, 
respectively, vs P = 0.684, P = 0.616, P = 0.745, and P 
= 0.316, respectively). There were no differences in any 
parameters between controls with and without polyps 
(data not shown).

There was an inverse correlation between the 

amount of Enterobacteriaceae and Simpson’s index 
(rs = -0.361, P = 0.033) and a tendency to correlation 
between Enterobacteriaceae and Shannon-Wiener index 
(rs = -0.299, P = 0.081). The Shannon-Wiener and 
Simpson’s indices correlated with each other (rs = 0.947, 
P < 0.001) and number of T-RFs (rs = 0.917, P < 0.001 
and rs = 0.772, P < 0.001, respectively). 

Several of the patients had humoral inflammatory 
parameters above or beneath the reference values, 
i.e., plasma-C-reactive protein (CRP): < 3 mg/L; blood-

Table 1  Basal characteristics of the subjects n  (%)

Characteristic Diverticular disease, No diverticula, P  value
n  = 16 n  = 35

Age in year  68 (62-76) 62 (40-74) 0.072
Sex, male/female 6/10 18/17 0.384
Body mass index in kg/m2 27 (24-30) 25  (22-27) 0.136
Education 0.001
  Primary school  9 (60.0) 7 (20.0)
  Secondary school 1 (6.7) 20 (57.1)
  Higher education  4 (26.7) 6 (17.1)
  Missing 1 (6.7) 2 (5.7)
Occupation 0.332
  Working/studying  4 (25.0) 15 (42.9)
  Retired  9 (56.3) 16 (45.7)
  Sick leave/disability  2 (12.5) 2 (5.7)
  Missing 1 (6.3) 2 (5.7)
Civil status 0.376
  Single/living alone  2 (12.5) 2 (5.7)
  Married/cohabitation  8 (50.0) 22 (62.9)
  Divorced/widowed  5 (31.3)  6 (17.1)
  Missing 1 (6.3) 5 (14.3)
Physical activity 0.033
  Mostly sitting 5 (31.3) 1 (2.9)
  Light activity  6 (37.5) 15 (42.9)
  Moderate but regular activity 3 (18.8) 14 (40.0)
  Regular activity 1 (6.3) 3 (8.6)
  Missing 1 (6.3) 2 (5.7)
Smoking 0.668
  Never smoked  4 (25.0) 13 (37.1)
  Former smokers  7 (43.8) 15 (42.9)
  Current smokers  4 (25.1) 5 (14.3)
  Missing 1 (6.3) 2 (5.7)
Alcohol intake frequency 0.765
  Never 4 (25.0) 4 (11.4)
  Once monthly or less  3 (18.8) 10 (28.6)
  2-4 times a month  3 (18.8)  9 (25.7)
  2-3 times a week  4 (25.0)  8 (22.9)
  ≥ 4 times a week 1 (6.3) 2 (5.7)
  Missing 1 (6.3) 2 (5.7)
Alcohol amount at each intake 0.231
  1-2 glasses 7 (43.8) 20 (57.1)
  3-4 glasses 2 (12.5)  7 (20.0)
 ≥ 5 glasses 2 (12.5) 1 (2.9)
  Missing 5 (31.3)  6 (17.2)
Alcohol intake of 6 or more glasses 0.361
  Never   9 (56.3) 15 (42.9)
  Once monthly or less 5 (31.3) 11 (31.4)
  Daily or several days a week 1 (6.3)  4 (11.4)
  Missing 1 (6.3)  5 (14.3)
Antibiotic use last 6 mo  5 (31.3)  5 (14.3) 0.299
  Probiotic use 2 (1.3) 2 (6.1) 0.701
  Vaginal delivery 15 (93.8) 31 (88.6)                         1

Values are presented as median (interquartile ranges), unless otherwise indicated. Differences between groups were calculated by Fisher’s exact test or 
Mann-Whitney U test. P < 0.05 was considered statistically significant.
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leucocytes: 3.5-8.8 × 109/L; blood-thrombocytes 
125-340 × 109/L; and plasma-albumin: 36-48 g/L. The 
level of inflammatory biomarkers did not differ between 
patients with or without DD (Table 3). Neither did 
presence nor absence of IBS affect the plasma levels 
of CRP (P = 0.194) and albumin (P = 0.902), or blood 
levels of leukocytes (P = 0.912) and thrombocytes 
(P = 0.509). There was no correlation between any 
of the inflammatory biomarkers and the level of 
Enterobacteriaceae or bacterial diversity (data not 
shown).

Neither the amount of Enterobacteriaceae nor the 
diversity indices correlated with age, BMI, or any items 
of the VAS-IBS (data not shown). When calculating 
differences between patients with and without any 
of the gastrointestinal symptoms, there were no 
differences in amount of Enterobacteriaceae or diversity 
indices (data not shown). Presence of IBS did not 
affect the amount of Enterobacteriaceae (P = 0.867), 
Shannon-Wiener index (P = 0.533), Simpson’s index (P 
= 0.478), or number of T-RFs (P = 0.828). 

There were no differences in the amount of 

Enterobacteriaceae or the diversity indices between 
those who had a regular vs irregular breakfast intake 
of coffee/tea, dairy products, or cereals. The gut 
microbiota parameters examined were not influenced 
by intake of homemade lunch or dinner, smoking and 
alcohol habits, intake of probiotics and antibiotics, or 
movement patterns (data not shown). 

DISCUSSION
In the present study examining symptomatic patients 
with elective colonoscopy, patients with DD had 
higher amount of Enterobacteriaceae compared with 
patients without diverticula, whereas the presence 
of gastrointestinal symptoms or IBS did not affect 
the amount of Enterobacteriaceae. Patients who had 
homemade lunch showed more symptoms of bloating 
and flatulence than those who did not have any lunch or 
had lunch at a restaurant/precooked meal. None of the 
studied lifestyle and socioeconomic parameters affected 
the amount of Enterobacteriaceae or bacterial diversity 
of the gut.

Table 2  Legree of symptoms based on Visual Analog Scale for Irritable Bowel

Diverticular disease, No diverticula, P value Symptom Symptom, P  value
n  = 16 n  = 35 level, median n  (%)

VAS-IBS, median (IQR)
  Abdominal pain    81 (49-100) 84 (48-100) 0.759 95 21 (60)/9 (56)        1
  Diarrhea   96 (61-100) 83 (50-100) 0.404 97 23 (66)/8 (50) 0.506
  Constipation   95 (52-100) 98 (54-100) 0.613 91 14 (40)/7 (44)        1
  Bloating and flatulence   75 (23-100) 61 (40-100) 0.711 85 22 (63)/9 (56) 0.749
  Nausea and vomiting   93 (48-100) 97 (80-100) 0.347 98 17 (49)/9 (56) 0.756
  Absence of any GI symptom                4 (25)           4 (11.4) 0.236
GI comorbidities, n (%)
  Celiac disease 0           0
  Functional dyspepsia 5 (31.3)           8 (22.9) 0.509
  IBS 5 (31.3)         17 (48.6) 0.212
  Gastric ulcer 5 (31.3)           7 (20.0) 0.476
  Lactose intolerance                1 (6.3)           0 0.093
  Reflux 5 (31.3)           9 (25.7) 0.738

Data are presented as median [interquartile range (IQR)] or number and percentages. Symptom number is the number in each group presenting with 
symptoms. The level of VAS-IBS used to differentiate between symptoms or not is defined as a score above the median values in healthy subjects (No 22). 
Mann-Whitney U test or Fisher’s exact test. P-value < 0.05 was considered statistically significant. GI: Gastrointestinal; IBS: Irritable bowel syndrome; VAS-
IBS: Visual Analog Scale for Irritable Bowel Syndrome. 

Table 3  Mucosal count of Enterobacteriaceae and gut microbiota diversity and humoral inflammatory biomarkers

Diverticular disease, No diverticula, P  value
n  = 16 n = 35

Enterobacteriaceae, log10 16S rRNA genes/g 9.27 (7.34-10.04) 7.76 (7.13-8.76) 0.043
Shannon-Wiener index 2.02 (1.80-2.36) 2.30 (1.94-2.48) 0.401
Simpson’s index 0.80 (0.75-0.86) 0.82 (0.76-0.88) 0.383
T-RF, n 17.0 (11.0-21.0) 17.0 (12.5-22.0) 0.776
P-CRP, mg/L 4.40 (1.38-5.80) 1.70 (0.60-6.00) 0.346
B-leukocytes, 109/L 8.40 (6.38-9.98) 8.10 (5.90-8.85) 0.466
B-thrombocytes, 109/L 289 (219-334) 219 (186-266) 0.149
P-albumin, g/L 36 (34-42) 36 (34-40) 0.819

Gut microbiota was analyzed in feces, and inflammatory biomarkers in blood or plasma. Data are presented as median (interquartile range). Mann-Whitney 
U test. P-value < 0.05 was considered statistically significant. B: Blood; P: Plasma; T-RF: Terminal restriction fragments. 
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The present result of higher levels of Enterobacteriaceae 
in mucosa of DD is in opposite to the previous result of 
Barbara et al[17]. The differences may be explained by 
the different study design and different composition of 
the control group. The present study enrolled mainly 
symptomatic patients examined by colonoscopy to 
exclude organic diseases or patients with heredity for 
colon cancer. Barbara et al[17] used asymptomatic or 
symptomatic patients enrolled to colonoscopy in a 
screening program to exclude malignancy or as follow-
up after polyp resections. Thus, the control group in 
Barbara et al[17] consisted of a smaller cohort (n = 14) 
of asymptomatic subjects, and a lower percentage of 
symptomatic DD, with sex and age differences between 
groups. The microbiota composition differed between 
mucosal biopsies and feces[17]. We decided not to analyze 
fecal microbiota in our study, since there are greater 
differences between fecal and mucosal microbiota than 
between individual subjects, and it is considered more 
reliable to measure microbiota composition in mucosa 
than feces[29]. The general composition estimated by 
microbial diversity may be more important to health 
than the levels of individual bacterial strains[9,10,14].

Abundance of Enterobacteriaceae/Escherichia coli 
is associated with IBD, both in animal models and 
in humans[12,13,15,16]. The gut microbiota generates 
biologically active small molecules, e.g., amino 
acids, short-chain fatty acids, sugars and organic 
acids, which are presumed to affect the health of the 
host[30]. Basic microbiome metabolism was altered 
in IBD, with reduced amino acid synthesis and 
carbohydrate metabolism and increased nutrient 
uptake. Furthermore, genes involved in pathogenesis 
processes such as secretion of enterotoxins, wall-
degrading enzymes and cytokine production were 
over-represented in Crohn’s disease[13]. This would 
lead to tissue destruction and bacterial overgrowth, 
with structural and functional dysbiosis. 

In the present study of DD, the abundance of 
Enterobacteriaceae in the colon mucosa at a distance 
from the diverticula could hypothetically reflect 
a low-grade inflammation in the bowel wall. The 
previous publication by Barabra et al[17] suggested 
chronic low-grade gut mucosa inflammation in DD, 
through histopathological examination. Such low-
grade inflammation was not reflected in the humoral 
inflammatory system, confirmed by overall normal CRP 
and blood cells levels, but may be captured in mucosal 
biopsies[17,31]. A low-grade inflammation may contribute 
to pain sensitization and visceral hypersensitivity and 
symptom development[7,8], which contributes to the 
increased risk of IBS after acute diverticulitis[6]. 

It remains unclear whether microbial changes are a 
cause or a consequence of DD. We do not know whether 
inflammation is a primary event, leading to weakening 
of the bowel wall and eventually to development of 
diverticula, or if inflammation is secondary to the 
presence of DD distant in the bowel with retention of 
luminal contents and bacterial overgrowth. Even if the 

microbial changes are secondary, the dysbiosis may 
further accelerate the pathologic process and weakening 
of the bowel wall by mechanisms explained above[13].

Microbial dysbiosis in combination with genetic, 
environmental, and psychosocial factors are proposed 
to be involved in the etiology of IBS[20,32]. Escherichia 
coli was increased in Chinese IBS patients compared 
with controls, whereas no differences of these feces 
bacteria were found between IBS patients and healthy 
controls from other regions[33]. This is in line with our 
present study, which did not show any correlations 
between gastrointestinal symptoms or IBS and 
Enterobacteriaceae.

Gastrointestinal symptoms without visible organic 
damages are called functional bowel disorders, where 
IBS is the most common of the disorders, with a 
prevalence of 10%-15% in the population[20]. A great 
deal of the present patients suffered from IBS or IBS-
like symptoms, whereas some patients experienced 
gastrointestinal symptoms without fulfilling the Rome 
IV criteria[20]. Symptomatology is not enough to 
distinguish between different bowel disorders, as found 
in the present study. It has previously been shown that 
patients with IBS have as severe symptoms as those 
with organic changes, i.e., primary Sjögren´s syndrome 
and enteric dysmotility[34]. A great symptomatic overlap 
between DD and IBS is described previously[1], which 
further underlines that disease classification must 
be based on organic criteria and not on symptoms 
solely. Biomarkers for IBS and DD are lacking, but 
measurements of markers of dysbiosis, inflammatory 
cells in mucosa, and metabolomes may be able to 
distinguish IBS from DD in the future. Probiotic therapy 
is an efficient treatment of IBS[35], whereas the evidence 
of efficiency in treatment of DD is insufficient. 

Since this was a cross-sectional study, we do not 
know the reason for more symptoms being present 
in the group with homemade food. The reason may 
depend on patients with more severe symptoms 
avoiding visiting a restaurant, to have better control 
over their food intake.

The strength in the present pilot study is that we 
have analyzed mucosal biopsies instead of feces. The 
mucosa microbiota composition is anticipated to be 
more reliable than the feces composition. To compare 
another patient group with similar degree of symptoms 
seems more appropriate than to compare DD with 
healthy, non-symptomatic subjects. Further, we have 
considered food intake and other lifestyle habits 
affecting microbiota composition. The weakness is the 
small cohort size. Furthermore, since the patients were 
enrolled consecutively, there was no matching between 
cases and controls of, e.g., age, sex or lifestyle habits. 
In a larger study, some of the demographic parameters 
and lifestyle habits could have shown statistically 
significant influence on the gut microbiota. We chose to 
initially perform this as a pilot trial with a limited amount 
of patients, as the methodology is very expensive. 
Since it now has been shown that there are differences 
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in DD according to the gut microbiota, it is important 
to continue with further studies and more extensive 
analyses. Since this was a cross-sectional study, we do 
not know whether the microbial alterations are primary 
in the development of diverticula or just secondary to 
DD, with retention of luminal content. 

In this pilot study, patients with DD had higher 
amount of Enterobacteriaceae in the colon mucosa 
compared to patients without DD. Assessment 
of gut microbiota may distinguish DD from other 
patient groups and may be involved in etiology and 
pathophysiology of the disease. Gastrointestinal 
symptomatology seems to not be related to the amount 
of Enterobacteriaceae or to the bacterial diversity. 

ARTICLE HIGHLIGHTS
Research background
Diverticular disease (DD) is a common gastrointestinal disease of unknown 
etiology. The symptoms of DD are similar with symptoms of irritable bowel 
syndrome (IBS). The gut microbiota is discussed as important for the etiology 
and pathophysiology in a wide range of diseases. Bacterial diversity is higher 
in lean compared to obese individuals, and in healthy states compared to 
unhealthy states, and some bacterial groups, e.g., Enterobacteriaceae, are 
associated with over-weight and inflammation. The family Enterobacteriaceae 
is commonly found in the gut ecosystem, where Escherichia coli is the most 
abundant species of the family. Only a few studies have been performed 
regarding microbial composition in DD. Recently, lower amounts of 
Enterobacteriaceae were found in the colon mucosa of DD patients compared 
with healthy controls, whereas higher amounts of Akkermansia and no 
difference in the Escherichia coli subgroup were found in feces in another DD 
cohort. Thus, it is hypothesized that gut microbiota is involved in the etiology 
and pathophysiology of DD, but the few studies performed so far have shown 
inconclusive results.

Research motivation
Today, there is no efficient treatment option for DD, neither to prevent disease 
development nor to reduce the symptoms when the disease has been 
established, which renders a lot of suffering to the patients. To find out the etiology 
is crucial to be able to prevent and efficiently treat the disease. New knowledge 
within this disease field may point out the direction for future research.

Research objectives
The primary aim of the present study was to compare the level of the large 
Gram-negative bacterial family Enterobacteriaceae and gut bacterial diversity 
in colon mucosa between consecutive patients diagnosed with DD and patients 
with normal endoscopic findings. Secondary aims were to evaluate the influence 
of demography, socioeconomic status, lifestyle habits, inflammatory parameters 
and gastrointestinal symptoms on the gut microbiota. These objectives were 
possible to realize by the present study design. Further studies according to the 
same study design, but with larger patient cohorts, are important to perform to 
confirm the results.

Research methods
All consecutive patients referred to elective colonoscopy at the Department of 
Endoscopy, Skåne University Hospital, Malmö, were invited to participate in 
the study. If the patients agreed to participate, they had to complete a study 
questionnaire about demography, socioeconomic status, lifestyle habits, 
family history and medical history, the Visual Analog Scale for Irritable Bowel 
Syndrome (VAS-IBS), and a nutrition questionnaire to analyze dietary habits. 
The colonoscopy was performed according to clinical routines. Four different 
mucosa biopsies were obtained from the mid part of the colon descendens. 
Samples were stored at -80 °C until the gut microbiota was analyzed by 
quantitative polymerase chain reaction (qPCR) and terminal restriction fragment 
length polymorphism (T-RFLP). Blood samples were collected according 

to clinical routines and analyzed at the Department of Clinical Chemistry. A 
study protocol was completed by the physician about clinical findings and 
histopathological diagnoses. The patients were divided into two groups 
depending on the colonoscopy finding: patients with DD, and patients without 
any diverticula who served as controls. Three of the four mucosa samples, 
mean weight 15 ± 0.6 mg, were used for DNA extraction. DNA was isolated and 
purified by EZ1 Advanced XL (EZ1 DNA Tissue Kit and Bacteria Card; Qiagen, 
Hilden, Germany). The amount of Enterobacteriaceae was estimated using 
a qPCR assay according to Karlsson et al. Primers used for the qPCR assay 
have been used and published previously. The detection limit was 102 genes/
reaction. For standard curves, 10-fold dilution series of the target DNA were 
made in EB buffer (Qiagen). Number of bacteria was expressed as log10 16S 
rRNA genes/g feces. T-RFLP was applied to assess the microbial diversity, as 
previously described. Thresholds for internal standard and terminal restriction 
fragments (T-RFs) were set to 5 and 15 fluorescence units, respectively. 
Microbial diversity was estimated by calculation of richness (number of T-RFs) 
and Shannon-Wiener and Simpson’s diversity indices as described by Karlsson 
et al, with the exception that T-RFs within 40-580 base pairs were included 
in the T-RFLP profile analysis and calculation. The diversity indices take into 
account both richness and evenness when considering the relative abundance 
of bacterial groups. Both indices are commonly used to assess microbial 
diversity. Samples below the limit of detection (in qPCR) were replaced by the 
limit of detection for statistical analysis. 

Research results
Finally, 51 patients were included in the present study, 16 with DD and 
35 controls without organic changes visible at the colonoscopy or at the 
histopathological examination (n = 12), except non-malignant polyps (n = 23). 
The reasons for referral to colonoscopy were presence of gastrointestinal 
symptoms which rendered a colonoscopy to exclude inflammatory bowel 
disease, malignancy or DD (n = 17), follow-up after previous resection of polyps 
(n = 17), rectal bleeding (n = 11), screening for cancer due to heredity (n = 4), or 
perforation to the urinary tract (n = 2). Only one subject in the DD group had a 
history of verified acute diverticulitis. There was an equal sex distribution in the 
groups. Subjects without DD were slightly older than controls [68 (62-76) years 
vs 62 (40-74) years, P = 0.072]. Altogether, 22 patients (43.1%) fulfilled the 
Rome IV criteria for IBS. The prevalence of functional dyspepsia, IBS, gastric 
ulcer, lactose intolerance and reflux was equally distributed between groups. 
Each symptom item estimated by the VAS-IBS questionnaire was present in 
about half of all patients examined. Only 4 patients in each group did not have 
any form of gastrointestinal symptoms. There was a wide variety in symptom 
intensity within each group also. None of the items in VAS-IBS correlated with 
age. Those who had homemade lunch suffered from more gastrointestinal 
symptoms compared with those who did not eat lunch, had lunch at a restaurant 
or had precooked meals, although bloating and flatulence was the only item 
that reached statistical significance [52 (25-93) vs 88 (70-100), P = 0.024]. The 
difference could not be related to any differences in socioeconomic factors or 
smoking or alcohol habits or in age span [66 (50-76) vs 65 (59-72), P = 0.851]. 
Patients with DD had significantly higher levels of Enterobacteriaceae than 
patients without diverticula (P = 0.043). Although patients with DD more often 
had lower education and less physical activity, the different subgroups of these 
parameters did not affect the amount of Enterobacteriaceae, diversity indices 
of Shannon-Wiener or Simpson, or the number of T-RFs (P = 0.413, P = 0.803, 
P = 0.770, and P = 0.588, respectively, vs P = 0.684, P = 0.616, P = 0.745, and 
P = 0.316, respectively). There were no differences in any parameters between 
controls with and without polyps. There was an inverse correlation between the 
amount of Enterobacteriaceae and Simpson’s index (rs = -0.361, P = 0.033) 
and a tendency to correlation between Enterobacteriaceae and Shannon-
Wiener index (rs = -0.299, P = 0.081). The Shannon-Wiener and Simpson’s 
indices correlated with each other (rs = 0.947, P < 0.001) and number of T-RFs 
(rs = 0.917, P < 0.001 and rs = 0.772, P < 0.001, respectively). Several of the 
patients had humoral inflammatory parameters above or beneath the reference 
values, i.e. plasma-C-reactive protein (CRP): < 3 mg/L; blood-leucocytes: 3.5-8.8 
× 109/L; blood-thrombocytes 125-340 × 109/L; and plasma-albumin: 36-48 g/L. 
The level of inflammatory biomarkers did not differ between patients with or 
without DD. Neither did presence nor absence of IBS affect the plasma levels 
of CRP (P = 0.194) and albumin (P = 0.902), or blood levels of leukocytes (P = 
0.912) and thrombocytes (P = 0.509). There was no correlation between any of 
the inflammatory biomarkers and the level of Enterobacteriaceae or bacterial 
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diversity. Neither the amount of Enterobacteriaceae nor the diversity indices 
correlated with age, BMI, or any items of the VAS-IBS. When calculating 
differences between patients with and without any of the gastrointestinal 
symptoms, there were no differences in amount of Enterobacteriaceae or 
diversity indices (data not shown). Presence of IBS did not affect the amount of 
Enterobacteriaceae (P = 0.867), Shannon-Wiener index (P = 0.533), Simpson’
s index (P = 0.478), or number of T-RFs (P = 0.828). There were no differences 
in the amount of Enterobacteriaceae or the diversity indices between those 
who had a regular vs irregular breakfast intake of coffee/tea, dairy products, or 
cereals. The gut microbiota parameters examined were not influenced by intake 
of homemade lunch or dinner, smoking and alcohol habits, intake of probiotics 
and antibiotics, or movement patterns. The problems that remain to be solved 
are whether the difference in gut microbiota composition are primary events in 
the disease development or secondary to the DD. The causality to DD must still 
be defined. 

Research conclusions
The new finding of the present study is the abundance of Enterobacteriaceae 
in colon mucosa in DD, and that this abundance was not related to age, 
BMI, socioeconomic parameters, gastrointestinal symptoms or lifestyle 
habits. Microbial diversity was not affected by DD or any other parameters 
measured. The new theory that this study proposes is that the composition of 
gut microbiota is involved in DD. The summarization of this study is that gut 
microbiota may be affected in patients with DD. This study is the first study 
where a clinical cohort of patients is consecutively enrolled during colonoscopy 
to analyze gut microbiota in colon mucosa, where the only difference between 
the groups compared is the presence or absence of colon diverticula. 
Previous studies have enrolled participants in screening programs or analyzed 
microbiota composition in feces. The authors also studied socioeconomic 
features and lifestyle habits in the cohort, to be able to adjust for confounders. 
The new hypotheses proposed are that gut microbiota is involved in DD and 
that demography, socioeconomic parameters and dietary habits may be of less 
importance for the microbiota than the presence or absence of colon diverticula. 
The new methods proposed are the enrolment of consecutive clinical patients 
in scientific trials, analyses of gut microbiota in mucosa instead of feces, 
analysis of microbial diversity to get a general reflection of the gut microbiota, 
analysis of the amount of Enterobacteriaceae or other bacteria by qPCR, and 
estimation of gastrointestinal symptoms by the VAS-IBS questionnaire. The 
new phenomenon found were that presence or absence of colon diverticula 
are more important for gut microbiota than demography, socioeconomic 
parameters, gastrointestinal symptoms, or lifestyle habits. Another new 
phenomenon was that patients with homemade lunch had more gastrointestinal 
symptoms than patients who did not eat lunch or had lunch at a restaurant. 
The authors confirmed the hypothesis that the amount of Enterobacteriaceae 
was affected by DD, but failed to confirm the hypothesis that overall bacterial 
diversity was influenced by colon diverticula. The authors also failed to confirm 
the hypotheses that demography, socioeconomic parameters, gastrointestinal 
symptoms and lifestyle habits were associated with gut microbiota composition. 
The major implication for clinical practice in the future is to consider dysbiosis 
in patients with DD. Tests to determine gut microbiota are available for clinical 
use, and should be considered in the management of these patients.

Research perspectives
The experience the authors have learnt from this study is that presence or 
absence of DD is more important for the gut microbiota composition than 
demography, socioeconomic parameters, gastrointestinal symptoms, and 
lifestyle habits. The authors have also learnt from this study that homemade 
food is not always the best for patients in the management of gastrointestinal 
symptoms. The authors must further study the importance of gut microbiota in 
DD. The authors should continue to include patients with DD in experiments to 
analyze gut microbiota composition to get larger cohorts, and to perform clinical 
trials to evaluate the effect of probiotics in symptom management of DD. The 
best method is to analyze gut microbiota in colon mucosa instead of feces. The 
VAS-IBS is also a useful tool to estimate gastrointestinal symptoms.
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Abstract
AIM
To examine the impact of liver cirrhosis on QT interval 
and cardiac autonomic neuropathy (CAN). 

METHODS
A total of 51 patients with cirrhosis and 51 controls 
were examined. Standard 12-lead electrocardiogram 
recordings were obtained and QT as well as corrected 
QT interval (QTc) and their dispersions (dQT, dQTc) 
were measured and calculated using a computer-based 
program. The diagnosis of CAN was based upon the 
battery of the tests proposed by Ewing and Clarke and 
the consensus statements of the American Diabetes 
Association. CAN was diagnosed when two out of the 
four classical Ewing tests were abnormal. 

RESULTS
QT, QTc and their dispersions were significantly longer 
(P  < 0.01) in patients with cirrhosis than in controls. No 
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significant differences in QT interval were found among 
the subgroups according to the etiology of cirrhosis. 
Multivariate regression analysis after controlling for 
age, gender and duration of cirrhosis demonstrated 
significant association between QT and presence of 
diabetes mellitus [standardized regression coefficient 
(beta) = 0.45, P  = 0.02] and treatment with diuretics 
(beta = 0.55, P  = 0.03), but not with the Child-Pugh 
score (P  = 0.54). Prevalence of CAN was common 
(54.9%) among patients with cirrhosis and its severity 
was associated with the Child-Pugh score (r  = 0.33, P  = 
0.02). Moreover, patients with decompensated cirrhosis 
had more severe CAN that those with compensated 
cirrhosis (P  = 0.03). No significant association was 
found between severity of CAN and QT interval duration.

CONCLUSION
Patients with cirrhosis have QT prolongation. Treatment 
with diuretics is associated with longer QT. CAN is 
common in patients with cirrhosis and its severity is 
associated with severity of the disease. 

Key words: QT interval; Cardiac autonomic neuropathy; 
Cirrhotic cardiomyopathy; Child-Pugh score; Model for 
end-stage liver disease score; Liver cirrhosis

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: QT interval is significantly prolonged in patients 
with liver cirrhosis and its duration is associated with the 
use of diuretics but not with the severity of the disease. 
More than half of the patients with cirrhosis have cardiac 
autonomic neuropathy (CAN), while CAN severity is 
associated strongly with the severity of cirrhosis.

Tsiompanidis E, Siakavellas SI, Tentolouris A, Eleftheriadou 
I, Chorepsima S, Manolakis A, Oikonomou K, Tentolouris N. 
Liver cirrhosis-effect on QT interval and cardiac autonomic 
nervous system activity. World J Gastrointest Pathophysiol 
2018; 9(1): 28-36  Available from: URL: http://www.wjgnet.
com/2150-5330/full/v9/i1/28.htm  DOI: http://dx.doi.
org/10.4291/wjgp.v9.i1.28

INTRODUCTION
Cirrhosis can affect many organs and systems of 
the body including cardiovascular and autonomic 
nervous system (ANS)[1-3]. Among the cardiovascular 
manifestations often encountered in cirrhotic patients, 
most common are increased baseline cardiac output, 
attenuated systolic and diastolic function, blunted 
ventricular response to stimuli and electrophysiological 
abnormalities, comprising a group of phenomena, 
commonly referred to as “cirrhotic cardiomyopathy”[1-3]. 

As for the involvement of the ANS in the cirrhotic-
related manifestations, it has been considered as 
being the result of toxic, metabolic and immunologic 
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disturbances affecting both the sympathetic and 
parasympathetic constituents of ANS[3,4]. Due to the 
close interrelation of the two systems-cardiovascular 
and ANS-an abnormal ANS function in cirrhotic 
patients has been shown to be reflected in several 
cardiac- and vascular-related parameters such as QT 
interval prolongation, heart rate variability (HRV) and 
arterial pressure changes, all components of the so-
called cardiac autonomic neuropathy (CAN)[5,6]. 

Previous data in patients with diabetes mellitus 
have shown that CAN is associated with prolongation 
of QT interval[7]. Both CAN, even subclinical, and QT 
prolongation have been associated with increased 
all-cause mortality in patients with diabetes[7-9]. 
Interestingly, some studies have shown that the 
prolongation of QT interval in patients with cirrhosis 
has been associated with the severity and progression 
of the disease and with poorer survival in cirrhotic 
patients[10-13]. On the other hand, in other studies, 
even though prolonged QT was associated with more 
severe liver dysfunction, this has not been translated 
to higher mortality[14,15]. Moreover, it is interesting that 
the prolonged QTc was improved in most patients after 
liver transplantation, although the extent and degree 
of improvement is variable, indicating a functional and 
reversible “nature” of such dysfunction[16]. Similarly, 
in some studies CAN has been associated with the 
severity of liver disease[6,17].

In the present cross-sectional study, we examined 
the association between QT interval-related para
meters with presence and severity of cirrhosis. In 
addition, we examined the prevalence of CAN and its 
association with QT interval in patients with cirrhosis.

MATERIALS AND METHODS
Participants
A total of 102 participants were recruited, 51 cirrhotic 
patients followed consecutively at the outpatient 
clinic of our hospital and 51 age- and gender-
matched healthy controls who were hospital staff and 
relatives of the patients with cirrhosis. The diagnosis 
of cirrhosis was established by liver biopsy in 25 
subjects. In cases where biopsy was contraindicated 
(n = 26), the patients had clinical, biochemical and 
ultrasonographical findings of cirrhosis. The patients 
were further classified according to the Child-Pugh 
grading system as having decompensated (Child-Pugh 
score ≥ 7, n = 29) or compensated (Child-Pugh score 
< 7, n = 22) cirrhosis. In addition, the model for end-
stage liver disease (MELD) score was measured and 
the histologic activity index was used to stage liver 
disease in patients who underwent a liver biopsy[18,19]. 
Diabetes mellitus was diagnosed using the American 
Diabetes Association criteria[20].

Criteria for exclusion from the study were as follows: 
(1) any electrolyte disturbance; (2) diseases which may 
affect ANS activity and QT interval duration such as 
coronary artery disease, heart failure, atrial fibrillation, 
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amyloidosis, hepatocellular carcinoma, episode of 
infection or gastrointestinal bleeding in the last two 
months prior to the study; (3) medications which 
affect ANS activity and QT interval duration like 
calcium channel blockers, angiotensin converting 
enzyme inhibitors, angiotensin receptor blockers, 
digitalis, tricyclic antidepressants, sympathomimetics 
and anticholinergics; and (4) patients with any 
degree of hepatic encephalopathy. Patients receiving 
propranolol or other beta blockers were included 
in the study after they had stopped the medication 
for at least ten days prior to examination. In order 
to minimize the risk of variceal bleeding due to 
discontinuation of propranolol, only patients at low risk, 
documented through esophago-gastro-duodenoscopy 
(varices with a diameter less than 5 mm and without 
signs of bleeding), were recruited. 

The study was approved by the ethics committee 
of our hospital and informed consent was obtained 
from all participants according to the principles of the 
Declaration of Helsinki[21].

Procedures
Blood, urine sampling and all tests were carried out 
early in the morning after overnight fast of 8-10 h 
in a room of stable temperature (22 ℃-24 ℃). All 
individuals refrained from smoking or drinking coffee 
prior to the examination. Body weight and height 
was measured in light clothing and body mass index 
(BMI) was calculated. Blood pressure was measured 
in the sitting position three consecutive times with 1 
min interval in between and the mean value of the 
second and third measurements was calculated and 
used in the analysis.

Blood was drawn for determination of hemo
globin (Hb), white blood cell count, platelet count and 
biochemical measurements. Biochemical determinations 
were made on an automatic analyzer. Glycosylated 
hemoglobin (HbA1c) was measured using HPLC. Plasma 
insulin (Biosure, Brussels, Belgium; coefficient of 
variation < 5%) was determined by radioimmunoassay. 
Insulin resistance was calculated by the homeostasis 
model assessment equation (HOMA-IR)[22]. 

Assessment of CAN
The diagnosis of CAN was based upon the battery 
of the tests proposed by Ewing and Clarke and the 
consensus statements of the American Diabetes 
Association[23,24]. The heart rate response to slow 
deep breathing (deep breathing test), the Valsalva 
maneuver and the assumption of upright position 
(lying-to-standing test) were assessed from 
electrocardiographic (ECG) recordings of RR intervals 
automatically using the computer-aided examination 
system VariaCardio TF4 (Medical Research, 
Leeds, United Kingdom). The change in systolic 
blood pressure upon standing, expressed as the 

difference between the mean of the last two values 
obtained in the supine position and the value obtained 
60 s after standing up, were recorded. The first three 
tests were evaluated according to the published age-
related heart rate tests, while orthostatic hypotension 
was diagnosed when a fall in systolic blood pressure 
≥ 20 mmHg and/or a fall in diastolic blood pressure 
≥ 10 mmHg were observed. Diagnosis of CAN was 
established when at least two out of four tests were 
abnormal[23,24]. In order to evaluate the severity of 
the CAN, each normal test was graded with 0.0, each 
borderline with 1.0 and each abnormal with 2.0. On 
the basis of the sum of these scores, we calculated 
the total score of CAN, which is the sum of the 
partial scores corresponding to each one of the four 
individual tests (minimum 0, maximum 8)[23].

Assessment of QT interval
Standard 12-lead ECG recordings at a paper speed 
of 25 mm/s were obtained. The paper recordings 
were then scanned to an image at high resolution 
(300 dpi), edited, and converted to a digital ECG 
recording, which was analyzed interactively using 
an ECG analysis program[25]. QT interval was 
measured from the beginning of the QRS complex 
to the end of the downslope of the T wave (crossing 
the isoelectric line). Corrected QT interval for 
heart rate (QTc) was calculated using Bazett’s 
formula (QTc = QT/√RR)[26]. QT dispersion (dQT) 
and QTc dispersion (dQTc) were calculated as the 
difference between the longest and the shortest 
QT and QTc intervals, respectively in any of the 
12 leads. All measurements were performed by a 
single experienced investigator who was blind to 
the participants’ characteristics. The QTc interval 
was considered prolonged if it was > 440 msec (the 
upper normal limit commonly used).

Statistical analysis
Statistical analysis was performed using programs 
available in the SPSS statistical package (IBM SPSS 
software version 22.0 for Windows, Armonk, NY, 
United States) by four co-authors who have experience 
in statistical analysis and a biomedical statistician. All 
variables were tested for normal distribution of the 
values using the Kolmogorov-Smirnov test. Differences 
between groups and variables were tested by the 
Student’s t-test for continuous variables, while the χ2 
test was used for categorical variables. Differences 
in nonparametric variables were compared using 
the Mann-Whitney test, while bivariate correlations 
were assessed by Spearman correlation for ordered 
variables. Multivariate linear regression analysis was 
performed in the patients with cirrhosis to examine for 
associations between QT interval parameters and the 
variables of interest. P values < 0.05 were considered 
statistically significant.

Tsiompanidis E et al . QT interval in cirrhosis
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RESULTS
Demographic and clinical characteristics of the study 
participants
The demographic and clinical characteristics of the 
participants are shown in Table 1 and Table 2. Control 
subjects and patients with cirrhosis did not differ in 
terms of age, gender, BMI, arterial blood pressure, 
white blood cell count or smoking habits. Patients with 
cirrhosis had significantly higher blood glucose (P = 
0.006), fasting insulin (P < 0.001) and HbA1c (P = 
0.007), as well as lower Hb and platelet count levels 
(P < 0.001), compared to control group. A total of 
27.5% of the patients received diuretics (combination 
of furosemide and spironolactone) (Table 1). The main 
causes of cirrhosis were viral hepatitis (47.1%) and 
alcohol abuse (33.3%), while 39% of the patients had 
decompensated cirrhosis (Table 2).

The association between QT-related parameters and 
presence as well as severity of cirrhosis
The values of all QT interval-related parameters were 
higher (P < 0.001) in patients with cirrhosis than 
those in controls (Table 3). None of the controls had 
a QTc interval longer than 440 msec, while 43.1% of 
the patients had QTc intervals longer than 440 msec. 
Considering 60 msec as the highest normal value for 
dQT, the number of individuals with dQT > 60 msec 
was higher in patients than in controls [n = 18 (35.3%) 
vs n = 7 (13.7%), respectively, χ 2 = 6.41, P = 0.011]. 

In cirrhosis group, QT parameters did not differ 
significantly between patients with alcoholic and non-
alcoholic cirrhosis (QT: 383.8 ± 44.1 msec and 389.9 ± 
36.0 msec, respectively, P = 0.98; QTc: 437.1 ± 30.5 
msec and 423.7 ± 30.8 msec, P = 0.16; dQT: 65.6 
± 28.6 msec and 54.5 ± 21.2 msec, P = 0.13; dQTc: 
74.4 ± 29.5 msec and 60.5 ± 23.1 msec, P = 0.12). 

Furthermore, patients with decompensated cirrhosis, 
in comparison with those with compensated cirrhosis, 
had longer dQTc (72.2 ± 26.6 msec vs 56.3 ± 22.5 
msec, P = 0.03) and tended to have longer QTc (435.3 
± 30.4 msec vs 419.0 ± 30.1 msec, P = 0.070) as 
well as dQT (64.1 ± 25.4 msec vs 50.8 ± 20.7 msec, 
P = 0.053). No significant differences were found in 
QT (P = 0.55) between the two groups. Moreover, no 
significant correlations were found between the Child-
Pugh score and QT (r = 0.11, P = 0.45), dQT (r = 0.20, 
P = 0.17), QTc (r = 0.22, P = 0.13) or dQTc (r = 0.26, 
P = 0.08). The same was valid for the MELD score (QT: 
r = -0.06, P = 0.71; dQT: r = -0.23, P = 0.12; QTc: r= 
0.16, P = 0.30; dQTc: r = -0.18, P = 0.21). 

Assessment of CAN
A total of 28 patients (54.9%) had CAN. All indices of 
cardiac ANS activity were worse and the total score, 
an index of the severity, of CAN was higher in patients 
than in controls (Table 4). Prevalence of CAN was not 
different between patients with compensated and 
decompensated cirrhosis [n = 9 (40.9%) and n = 19 
(65.5%), respectively, χ 2 = 3.06, P = 0.08]. However, 
the severity of CAN assessed by the total score of CAN 
was higher in patients with decompensated than in 
those with compensated cirrhosis [3.0 (0.8-6.0) vs 4.0 
(3.0-6.5), P = 0.03]. No significant correlations were 
found between total score of CAN and QT (r = -0.12, 
P = 0.40), dQT (r = 0.04, P = 0.78), QTc (r = -0.01, P 
= 0.98) or dQTc (r = 0.11, P = 0.43). The total score 
of CAN was significantly correlated with the Child-Pugh 
score (r = 0.33, P = 0.02) and the MELD score (r = 
0.36, P = 0.01).

In addition, mean QT interval duration was not 
different between patients having both cirrhosis and 
diabetes (n = 7) and those having cirrhosis without 
diabetes (n = 44): 395.7 ± 41.2 msec vs 381.9 ± 

Controls (n  = 51) Patients (n  = 51) P  value

Male, n (%)   28 (54.9) 32 (62.7)   0.42
Age (yr)     53.8 ± 13.9   55.2 ± 14.2   0.60
BMI (kg/m2)   26.0 ± 3.5 26.1 ± 4.4   0.95
Systolic blood pressure (mmHg)   128.3 ± 18.5 127.4 ± 27.1   0.84
Diastolic blood pressure (mmHg)     79.0 ± 10.0   76.0 ± 15.1   0.26
Heart rate (beats/min)     77.05 ± 49.82   76.74 ± 15.82   0.96
Fasting insulin (μU/mL)      10.6 (7.7-12.4)      13.3 (10.6-24.4) < 0.001
HbA1c (%)     4.97 ± 0.50   4.03 ± 0.74 < 0.001
HOMA-IR        2.40 (1.59-3.08)      3.39 (2.74-5.50) < 0.001
White blood cells (n/μL) × 103     7.4 ± 2.6   5.5 ± 4.6   0.13
Hemoglobin (g/dL)   14.8 ± 1.2 11.8 ± 2.1  < 0.001
Platelets (n/μL) × 103 225.766 ± 36.24 122.17 ± 94.23  < 0.001
Diabetes, n (%)   1 (2.0)   7 (13.7)   0.02
Use of diuretics, n (%) 0 14 (27.5)  < 0.001
Smoking status, n (%) 34.34
   Current smokers   16 (31.4) 22 (43.1)
   Non-smokers   26 (51.0) 23 (45.1)
   Ex-smokers     9 (17.6) 5 (9.8)

Data presented as mean ± SD or as n (%) or as median value (interquartile range). BMI: Body mass index; HbA1c: Glycated hemoglobin 1c; HOMA-IR: 
Homeostasis model assessment equation.

Table 1  Demographic and clinical characteristics as well as laboratory results of the study subjects
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38.0 msec, respectively (P = 0.38). Furthermore, 
the values of the autonomic function tests did not 
differ significantly between participants having both 
cirrhosis and diabetes and those having cirrhosis 
without diabetes; deep breathing test: 1.09 ± 0.05 
vs 1.14 ± 0.14, respectively, P = 0.29; Valsalva 
test: 1.40 ± 0.25 vs 1.32 ± 0.35, respectively, 
P = 0.48; lying-to-standing test: 1.09 ± 0.08 vs 
1.08 ± 0.09, respectively, P = 0.86; orthostatic 
hypotension: 12.85 ± 9.50 mmHg vs 11.52 ± 9.73 
mmHg, respectively, P = 0.73. CAN was present in 
3 patients with both cirrhosis and diabetes and in 25 
patients with cirrhosis but without diabetes (42.9% 
vs 56.8%, P = 0.49). 

Associations between insulin resistance index (HOMA-
IR) with QT-related parameters
In patients with cirrhosis, HOMA-IR values did 
not correlate significantly with QT (r = -0.09, P = 
0.56), QTc (r = 0.18, P = 0.24), dQT (r = -0.03, P 
= 0.82) or dQTc (r = 0.03, P = 0.84). HOMA-IR was 
associated significantly with the Child-Pugh score (r = 
0.43, P = 0.002) and the MELD score (r = 0.65, P < 
0.001). 

Multivariate regression analysis on the association 
between QT interval with the study parameters
Multivariate linear regression analysis in patients with 
cirrhosis with QT interval as dependent variable, after 
controlling for age, gender and duration of cirrhosis 
demonstrated significant and independent associations 
with diagnosed diabetes [standardized regression 
coefficient (beta) = 0.45, P = 0.02] and use of diuretics 
(beta = 0.55, P = 0.03). A trend for association with 
HOMA-IR was observed (beta = 0.40, P = 0.058), while 
no significant associations were found with the Child-
Pugh or the MELD score, the histology activity index, 
Hb, serum potassium, the total score of CAN, and 
previous use of beta blockers. The same analysis with 
either QTc, dQT or dQTc as dependent variables did not 
show significant associations with the aforementioned 
parameters. 

DISCUSSION
In the present study, we found that QT and QTc 
intervals as well as their dispersions were substantially 
prolonged in patients with cirrhosis in comparison with 
healthy controls. In addition, we demonstrated that 
patients with cirrhosis were diagnosed more often with 
CAN.

The importance of normal liver function on pre
servation of the electrophysiological properties of 
the heart is supported by several studies that have 
examined the prolongation of QTc before and after 
liver transplantation[16]. Although the results are 
not unanimous, most of the data suggest that liver 
transplantation improved the prolonged QTc; however, 
the extend and the degree of the improvement was 
variable[16]. Thus, our data of prolonged QT interval 
in patients with liver cirrhosis agree and corroborate 
these findings. 

Previous data showed abnormal QT prolongation 
in 37% to 84% of patients with cirrhosis of either 
alcoholic or nonalcoholic etiology[5,10,11,15,27,28]. However, 
literature data on QT dispersion in cirrhosis are scarce. 
Dispersion of QT interval is probably a better index 
of left ventricular dispersion of repolarization than 
QT or QTc interval and high values of dQT predict 
cardiovascular mortality in patients with diabetes or 

 n %

Child-Pugh score 7 (5-9)  
Child-Pugh Grade A (score: 5-6) 22 43.1
   B (score: 7-9) 18 35.3
   C (score: 10-15) 11 21.6
MELD score     29.8 (14.4-39.6)  
Decompensated cirrhosis 29 56.9
   Alcohol 17 33.3
   Viral Hepatitis 24 47.1
     Hepatitis Β 10 19.6
     Hepatitis C 12 23.5
     Hepatitis B + C   2 3.9
     Other 10 19.6
Systematic use of beta-blockers (yes) 16 31.4
Ascites (yes) 23 45.1
Esophageal varices (yes) 28 54.9
Liver biopsy 25 49.0
Histologic activity index    8.6 ± 2.9  
Disease duration (yr)   3 (0.8-7)  
INR    1.41 ± 0.41
AST (U/L)     43.0 (34.0-66.0)
ALT (U/L)     36.0 (24.0-50.0)
ALP (U/L)    262.7 ± 121.8
LDH (U/L)    392.4 ± 123.0
γ-GT (U/L)     39.0 (28.0-76.0)
Cholesterol (mg/dL)  175.9 ± 56.2
Triglycerides(mg/dL)       76.0 (50.0-108.0)
Total bilirubin (mg/dL)     1.25 (0.68-2.29)
Direct bilirubin (mg/dL)     0.75 (0.30-1.13)
Total proteins (g/dL)    7.5 ± 0.8
Albumin (g/dL)    4.0 ± 0.8
Blood potassium (meq/L)    4.2 ± 0.4
Blood sodium (meq/L) 138.1 ± 4.6

Data are presented as mean ± SD or as n (%) or as median value 
(interquartile range). MELD: Model for end-stage liver disease.

Table 2  Clinical characteristics and associated laboratory test 
results of patients with cirrhosis

 Controls Patients P  value

Mean QT (msec) 341.6 ± 29.4 383.9 ± 38.4 < 0.001
QT max (msec) 358.1 ± 56.6 413.5 ± 46.1 < 0.001
QT min (msec) 320.5 ± 28.1 355.4 ± 38.2 < 0.001
dQT (msec)   44.8 ± 14.2   65.6 ± 28.6     0.001
QTc (msec) 364.0 ± 20.6 428.1 ± 31.0 < 0.001
dQTc (msec)   47.6 ± 14.7   65.0 ± 25.9 < 0.001
Mean RR (msec)   863.6 ± 177.0   812.9 ± 159.8   0.13

Data are shown as mean values ± SD. QTc: Corrected QT; dQT: QT 
dispersion; dQTc: QTc dispersion.

Table 3  Comparison of QT-related parameters between 
patients and controls
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coronary artery disease[25]. In the literature, there are 
no data on the potential association between dQT and 
mortality in patients with liver cirrhosis. Herein we 
found that both dQT and dQTc were more prolonged 
in patients with cirrhosis. One previous study has 
shown that QT and dQt is prolonged in patients with 
cirrhosis[29], while another study shown that QT, 
but not dQT, is prolonged in patients with alcoholic 
cirrhosis in comparison with controls[30]. In contrast, 
in another study, no differences were found in dQT 
between patients with cirrhosis and controls[31]. Our 
findings showed that the etiology of cirrhosis was not 
associated with either QT or dQT prolongation. 

One of the mechanisms suggested to play an 
important role in the pathogenesis of QT prolongation 
in patients with cirrhosis, is the enhanced sympathetic 
nervous system activity[5]. This process, which in 
normal subjects would reduce the QT interval, seems 
to participate in QT prolongation in cirrhosis. This 
is further elaborated with the increased circulating 
levels of noradrenalin, and it is an index of enhanced 
sympathoadrenal activity, observed in patients with 
advanced liver disease[10]. One would expect that 
the heart rate would be affected by this situation, 
but this is not usually the case, probably due to a 
downregulation of beta-adrenergic receptors[31]. 
Likewise, our results did not establish any substantial 
differences of the RR interval, which represents mean 
heart rate, between patients and controls. It is possible 
that the complex physiological changes that occur in 
chronic liver disease, modulate the cardiac function 
and may prolong the QT interval-related parameters. 
Moreover, although it is known that the use of pro
pranolol reduces the risk of gastrointestinal bleeding 
in patients with cirrhosis[32], there are no data on the 
potential effect of beta-blockers on cardiovascular 
mortality in such patients. One systematic review and 
meta-analysis concluded that the use of non-selective 
beta-blockers was not associated with a significant 
increase in all-cause mortality in patients with cirrhosis 
and ascites or refractory ascites[33]. 

In our study, no differences between the cirrhotic 
subgroups (alcoholic vs non-alcoholic cirrhosis) were 
noticed. Thus, based upon the data originating from 
current study, no relationship between an increased QT 
interval and the cause of cirrhosis can be established. 

These findings are in agreement with those of previous 
studies and may imply that QT prolongation is a 
phenomenon that derives from the pathophysiology 
of cirrhosis itself and does not reflect abnormalities 
related to certain causes of cirrhosis[10]. However, 
in a previous study, patients with alcohol–related 
liver cirrhosis had a significantly (P = 0.001) higher 
prevalence of QTc interval prolongation than those with 
HBV–related liver cirrhosis[14]. 

Besides, no significant association was found 
between the values of QT parameters and the severity 
of cirrhosis, as assessed by the Child-Pugh or the MELD 
score in either univariate or multivariate analysis. 
In a previous study with 94 patients with cirrhosis, 
the Child-Pugh score and plasma norepinephrine 
were significant and independent determinants of 
QTc duration[10]. Similarly, in two other studies the 
prevalence of prolonged QTc increased with the 
severity of chronic liver disease[5,14]. The discrepancies 
in the results of these studies may be explained in 
part by differences in the studied populations. In the 
present study only patients with low or moderate risk 
of variceal bleeding were included in order to be able to 
discontinue safely beta-blockers, medications affecting 
ANS activity. However, we showed that patients with 
decompensated cirrhosis had longer dQTc and tended 
to have longer QTc as well as dQT in comparison to 
patients with compensated cirrhosis. This finding 
implies that when liver disease progresses to a point 
where the human body cannot overcome the cirrhosis 
effects, one of the clinical features of this process is 
the exacerbation of the cardiac electrical conductance 
abnormalities. 

According to our findings a substantial percentage 
of patients have CAN, but interestingly, the severity of 
CAN was not associated with QT prolongation. These 
findings are in contrast with those seen in patients 
with diabetes mellitus[7]. However, our results agree 
with previous data in patients with cirrhosis[5,11]; 
thus, a previous study has shown that prolonged QTc 
is independent of CAN in patients with cirrhosis[5]. 
Moreover, diabetes was independently associated 
with QT in multivariate analysis confirming previous 
reports for association between QT prolongation in 
subjects with diabetes[7]. The autonomic dysfunction 
has been shown to correlate with the severity of liver 

 Controls Patients P  value

Deep breathing test (value, N/A) 1.25 ± 0.16 (48/3) 1.13 ± 0.13 (23/28) < 0.001
Valsalva test (value, N/A) 1.45 ± 0.24 (45/6) 1.33 ± 0.25 (30/21)  0.01
Lying-to-standing test (value, N/A) 1.17 ± 0.24 (45/6) 1.08 ± 0.10 (29/22)  0.01
Systolic blood pressure fall to standing (value, N/A)        0 (0-5) (50/1)    10 (0-20) (35/16) < 0.001
CAN, n (%)              3 (5.9)           28 (54.9) < 0.001
Total score of CAN              1 (0-2)            4 (2-6) < 0.001

Data are shown as mean ± SD or as n (%) or as median value (interquartile range). CAN: Cardiac autonomic neuropathy; N: Number of subjects with 
normal test; A: Number of subjects with abnormal test. 

Table 4  The results of the cardiac autonomic function tests in controls and patients
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disease[5], a finding also observed in our study, as 
total score of CAN was correlated significantly with 
the Child-Pugh and the MELD score. Besides, patients 
with decompensated cirrhosis had more severe CAN 
than patients with compensated cirrhosis, although 
the prevalence of CAN was not different between the 
two groups. Even though experimental and clinical 
data suggest that ANS influence QT interval[7,34], in the 
present study no relationships were found between 
the total score of CAN and the values of QT-related 
parameters.

Interestingly, insulin resistance was not associated 
with QT-related parameters in this study, but there was 
a strong association between HOMA-IR and severity 
of cirrhosis assessed by the Child-Pugh and the MELD 
score. This finding implies that insulin resistance per 
se does not affect QT interval duration and that other 
mechanisms associated with cirrhosis affect QT interval. 

Multivariate analysis demonstrated that use 
of diuretics was associated with QT prolongation; 
noteworthy, this effect was seen independently 
from serum potassium concentrations. This finding 
emphasizes the need for QT monitoring in patients 
with cirrhosis who are on treatment with diuretics. 

It is known that diabetes is associated with higher 
prevalence of CAN[24] and with QT prolongation[7]. 
In our study, we did not find significant differences 
in these between patients having both diabetes and 
cirrhosis than those having cirrhosis without diabetes. 
However, the number of the participants with diabetes 
was small in our study and we cannot conclude 
robustly if presence of diabetes burdens further CAN or 
QT interval in patients with cirrhosis. 

The strength of our study is that we examined 
subjects under controlled conditions and the potential 
confounding effects of medications, food intake 
and coffee consumption have been avoided. With 
regards, to medications, recent data suggested 
that propranolol administration reduces QT interval 
in patients with advanced liver cirrhosis waiting for 
liver transplantation[35]. Thus, discontinuation of beta 
blockers from our patients eliminated the effect of this 
medication on QT interval duration and allowed us to 
examine the net effect of the disease on QT interval 
duration. However, the number of the participants was 
not large and the study did not have enough power to 
support the findings. Furthermore, we did not examine 
for the presence of cirrhotic cardiomyopathy to look 
for associations between QT-related parameters and 
indices of systolic or diastolic function of the heart. 
Finally, this was a cross-sectional study and a cause 
and effect relationship cannot be established.

In conclusion, this study has shown that QT interval 
is prolonged in patients with cirrhosis compared with 
controls. QT prolongation is independent of the etiology 
and severity of cirrhosis, as well as of CAN, suggesting 
that this prolongation probably reflects the liver damage 
itself or the sympathetic nervous system predominance 
because of cirrhosis. Therefore, cirrhosis, even in the 
early stages, affects QT interval. Moreover, patients with 

diabetes and those on treatment with diuretics have 
longer QT interval independently from serum potassium 
levels, suggesting that they need monitoring for QT 
prolongation. 

ARTICLE HIGHLIGHTS 
Research background
Cirrhosis can affect many organs and systems of the body including 
cardiovascular and autonomic nervous system (ANS). Cirrhotic patients have 
abnormal ANS function and it is reflected in several cardiac- and vascular-
related parameters such as QT interval prolongation, heart rate variability 
(HRV) and arterial pressure changes, all components of the so-called cardiac 
autonomic neuropathy (CAN). Both QT prolongation and CAN have been 
associated with increased cardiovascular and all-cause mortality. The findings 
of this study show that cirrhotic patients and, in particular those who have at 
the same time diabetes or who are on treatment with diuretics, have longer QT 
interval independently from serum electrolyte levels, suggesting that they need 
monitoring for QT prolongation.

Research motivation
This study has shown that patients with cirrhosis have more often CAN and 
QT prolongation; however, this is a cross-sectional study and a cause and 
effect relationship cannot be established. A prospective study is needed to 
examine whether patients with cirrhosis develop autonomic dysfunction and 
QT prolongation. Moreover, it would of interest to know the potential impact of 
treatment with b-blockers on QT interval or cardiac ANS activity. An important 
finding of this study is that the etiology of cirrhosis does not impact QT 
prolongation or cardiac autonomic activity. 

Research objectives 
The main aim of this study was to examine the impact of liver cirrhosis on 
QT-related parameters and on CAN. The authors’ hypothesis was confirmed 
and implies that cardiac autonomic dysfunction and/or QT prolongation may 
contribute to the increased mortality in patients with cirrhosis. 

Research methods
In this study, the authors managed to collect complete data related to full blood 
count and biochemical analyses, while the diagnosis of cirrhosis was confirmed 
with liver biopsies when it was indicated. The diagnosis of cardiac autonomic 
dysfunction was based upon robust criteria such as the battery of the tests 
proposed by Ewing and Clarke by determination of the HRV. QT intervals 
were measured using a standard 12-lead ECG recordings. Statistical analysis 
was performed using programs available in the SPSS statistical package by 
four co-authors who have experience in statistical analysis and a biomedical 
statistician. 

Research results
In the present study, the authors found that QT and QTc intervals as well as 
their dispersions were substantially prolonged in patients with cirrhosis in 
comparison with healthy controls. In addition, the authors demonstrated that 
patients with cirrhosis were diagnosed more often with cardiac autonomic 
dysfunction. Additionally, the authors found that severity of cirrhosis does not 
impact QT interval but it affects severity of cardiac autonomic dysfunction.

Research conclusions
The novel finding of this study is that not only QT, but also QT dispersion is 
prolonged in patient with cirrhosis. Furthermore, CAN or QT prolongation is not 
associated with the etiology of cirrhosis. Patients with cirrhosis, especially those 
who have diabetes or an on treatment with diuretics should be screened for 
cardiac autonomic dysfunction an QT prolongation. Patients with cirrhosis have 
often CAN and QT prolongation. The original insights of this study are: (1) the 
authors measured QT dispersion, which is considered as an excellent marker 
of left ventricular repolarization abnormalities and better than QT prolongation, 
which has not been studied so far; and (2) the authors found that severity 
of cirrhosis affects strongly cardiac ANS activity and probably contributes to 
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the development of the cirrhotic myocardiopathy. The new methods used in 
this study is the robust methodology for the diagnosis of cardiac autonomic 
dysfunction and presence as well as severity of cirrhosis.

Research perspectives
The results of this study suggest that patients with cirrhosis often have QT 
prolongation and cardiac autonomic dysfunction and therefore, they should be 
screened for these comorbidities; especially those who have diabetes or an 
on treatment with diuretics. Future research should be directed to the potential 
impact of treatment with b-blockers on QT interval or cardiac ANS activity. 
In addition, a prospective study is needed to examine whether patients with 
cirrhosis develop autonomic dysfunction and QT prolongation.
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Abstract
Acute pancreatitis (AP) is an inflammatory disorder of 
pancreatic tissue initiated in injured acinar cells. Severe 
AP remains a significant challenge due to the lack of 
effective treatment. The widely-accepted autodigestion 
theory of AP is now facing challenges, since inhibiting 
protease activation has negligible effectiveness for 
AP treatment despite numerous efforts. Furthermore, 
accumulating evidence supports a new concept that ma
lfunction of a self-protective mechanism, the unfolded 
protein response (UPR), is the driving force behind the 
pathogenesis of AP. The UPR is induced by endoplasmic 
reticulum (ER) stress, a disturbance frequently found 
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in acinar cells, to prevent the aggravation of ER stress 
that can otherwise lead to cell injury. In addition, the 
UPR’s signaling pathways control NFκB activation and 
autophagy flux, and these dysregulations cause acinar 
cell inflammatory injury in AP, but with poorly understood 
mechanisms. We therefore summarize the protective role 
of the UPR in AP, propose mechanistic models of how 
inadequate UPR could promote NFκB’s pro-inflammatory 
activity and impair autophagy’s protective function in 
acinar cells, and discuss its relevance to current AP 
treatment. We hope that insight provided in this review 
will help facilitate the research and management of AP.

Key words: Acute pancreatitis; Endoplasmic reticulum 
stress; Unfolded protein response; Acinar cell injury; 
Autophagy 

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The widely-accepted autodigestion theory of 
acute pancreatitis (AP) has been considerably modified 
by the recent recognition of endoplasmic reticulum (ER) 
stress-induced unfolded protein response (UPR) as an 
essential self-protective activity in acinar cells. Inadequate 
UPR, however, leads to acinar cell injury in AP with elusive 
mechanisms. We review the relevant literature and pro
pose mechanistic models with the hope of facilitating the 
research required for the development of effective AP 
treatment.

Barrera K, Stanek A, Okochi K, Niewiadomska Z, Mueller 
C, Ou P, John D, Alfonso AE, Tenner S, Huan C. Acinar cell 
injury induced by inadequate unfolded protein response in acute 
pancreatitis. World J Gastrointest Pathophysiol 2018; 9(2): 37-46  
Available from: URL: http://www.wjgnet.com/2150-5330/full/
v9/i2/37.htm  DOI: http://dx.doi.org/10.4291/wjgp.v9.i2.37

INTRODUCTION
Acute pancreatitis (AP) is one of the most common 
gastrointestinal disorders leading to hospitalization in the 
United States, accounting for more than 270000 hospital 
admissions and costing 2.6 billion dollars per year[1]. 
More than 75% of AP cases are associated with alcohol 
consumption and gallstones, and up to 20% of AP patients 
have a severe form with a mortality rate between 10% 
to 30%[2]. Severe complications of AP include progression 
to pancreatic necrosis, bacteremia, sepsis, splenic vein 
thrombosis, and respiratory failure. Current management 
strategies for AP treatment, such as aggressive hydration, 
endoscopic intervention for biliary obstructive disease and 
pancreatic necrosectomy, have limited beneficial effects 
on disease progression and results[3]. Therapy that can 
effectively block the progression of acinar injury before 
it results in severe complications is still missing. This is 
largely due to the poor understanding of the molecular 
dysregulation that leads to irreversible inflammatory injury 

in acinar cells, despite a wide range of efforts that have 
been made to define the mechanisms of AP.

In 1896, Hans Chiari, based on his postmortem ob­
servations, originally proposed that pancreatitis is a pro­
cess of autodigestion of the pancreas when “the organ 
succumbs to its own digestive properties”[4]. Nearly 
a century later, this concept gained acceptance when 
elevated levels of trypsin and other proteases were 
observed in AP animal models, and when mutations in 
the trypsinogen gene were found in patients with here­
ditary pancreatitis[5,6]. Further observation of the co-
localization of lysozyme with secretory granules in acinar 
cells also supported the belief that intracellular activation 
of trypsinogen by lysozyme was the mechanism of auto­
digestion[7]. 

Based on the autodigestion theory, several protease 
inhibitors were developed for AP treatment over the past 
50 years[5]. Although few human and animal studies 
showed beneficial activities of this strategy, including 
the prophylactic effects of Gabexate on post-endoscopic 
retrograde cholangiopancreatography AP[8], larger clinical 
trials failed to demonstrate the effectiveness of these 
inhibitors in patients with AP. This was thought to be due 
to the late timing in which these protease inhibitors were 
provided to patients, which was typically hours after the 
onset of AP[5]. 

Animal studies of trypsinogen-deficient mice, however, 
generated more evidence challenging the trypsinogen-
induced autodigestion theory. Despite being deficient in 
major trypsinogen activity, these mice were still able to 
develop AP and chronic pancreatitis (CP)[9,10]. Furthermore, 
in some hereditary pancreatitis patients, trypsinogens 
encoded by mutated trypsinogen genes had unaltered 
trypsin activity, but signs of defective protein folding in 
the endoplasmic reticulum (ER) lumen[11]. Thus, acinar 
cell injury in AP is not necessarily the result of premature 
intracellular activation of trypsinogen as previously th­
ought. Other dysregulated cellular activities are likely 
responsible for triggering  injury in acinar cells. 

ER STRESS IS A COMMON 
DISTURBANCE THAT INITIATES ACINAR 
CELL INJURY
The ER is a multifunctional organelle that stores calcium 
and metabolizes lipids and carbohydrates, but is principally 
responsible for protein folding and processing in cells. 
ER stress is a malfunctioning condition characterized by 
the accumulation of unfolded and misfolded proteins in 
the ER lumen[12]. Acinar cells, as the primary producers 
of digestive enzymes, have abundant ER that enables 
the highest rate of protein synthesis and processing 
among the mature cells in the body. This unique feature, 
however, makes acinar cells particularly susceptible to AP 
risk factor-induced ER stress[12]. Severe and enduring ER 
stress can cause irreversible cellular damage associated 
with an increase of intracellular reactive oxygen species, 
release of cytochrome c from mitochondria, induction of 
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caspase 12-mediated apoptosis, blockade of autophagic 
flux, promotion of NFκB-mediated inflammation, and 
perturbation of calcium-regulated signaling[12-15]. Damaged 
acinar cells then inevitably promote a local inflammatory 
response that can attenuate self-protective activities in the 
remaining intact acinar cells and thereby extend the local 
injury, which may eventually escalate mild AP to severe 
AP. 

UPR PROTECTS AGAINST ACINAR CELL 
INJURY BY RELIEVING ER STRESS
First described by Sambrook’s group in 1988, the unfolded 
protein response (UPR) is a concerted effort made by the 
cell to intricately alleviate ER stress that would otherwise 
significantly threaten normal cellular functions[16]. Failure 
to counterbalance ER stress by the UPR has been impli­
cated in a broad range of diseases including diabetes, 
neurodegeneration, cancer, pulmonary fibrosis, cardiac 
disease and inflammatory disorders such as AP, identifying 
the UPR as an essential self-protective mechanism[17]. In 
acinar cells, due to the high susceptibility to ER stress, the 
UPR is therefore decisive in maintaining cellular homeo­
stasis[12-15]. 

As illustrated in Figure 1, activation of the UPR is 
initiated by three ER transmembrane proteins, including 
protein kinase RNA-like ER kinase (PERK), inositol requi­
ring enzyme 1 (IRE1) and activating transcription factor 
6 (ATF6), and each of them activates a different UPR 
signaling pathway[18]. In the absence of ER stress, these 
three proteins are bound to a chaperone protein called 
binding immunoglobulin protein (BiP) that holds them in 
inactive states on the ER membrane. In stressed ER when 
unfolded proteins accumulate, however, BiP releases PERK, 
IRE1 and ATF6 in order to bind to unfolded proteins to help 
with their folding. The dissociation of BiP triggers activation 
of PERK and IRE1 via their auto-phosphorylation, and 

enables ATF6 to translocate to the Golgi apparatus where 
it is cleavage-activated by proteases. Activated PERK, IRE1 
and ATF6 then, via different sequential proceedings, turn 
on diverse UPR activities, which include: Reducing total 
protein production by inhibiting translation, eliminating 
misfolded and unfolded proteins in the ER lumen through 
ER-associated degradation (ERAD), and increasing the 
folding capability in the ER by producing more chaperone 
proteins. Of note, the three UPR regulatory pathways 
appear to be distinct yet interactive in maintaining homeo­
stasis. Dysregulation of the UPR pathways by AP risk 
factors, however, is considered as the cause that leads to 
acinar cell injury[19,20]. 

PERK/eIF2/ATF4
PERK signaling controls general protein translation and 
cell apoptosis in response to ER stress. Activated PERK 
phosphorylates eukaryotic initiation factor-2α (eIF2α), 
which inhibits general protein translation by interfering 
with the formation of the initiation complex at ribosomes. 
This prevents further accumulation of unfolded and mis­
folded proteins in the ER lumen[21]. Although it repres­
ses global protein translation, phosphorylated eIF2α 
preferentially promotes the translation of ATF4, which 
activates the transcription of other UPR genes, including 
proteins needed for carrying out protein folding and 
ERAD[22], and enhances the IRE1 pathway[23]. In addition, 
upregulated ATF4 signaling can activate apoptosis via 
transcriptional regulation of C/EBP homologous protein 
(CHOP), a transcription factor that directs ER stress-
induced apoptosis[24]. 

Alternated PERK pathway is associated with various 
disorders including diabetes, metabolic and inflammatory 
diseases, and cancers[17,25]. Loss-of-function mutations 
in PERK cause Wolcott-Rallison syndrome manifesting 
as early onset type 1 diabetes, epiphyseal dysplasia, 
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osteopenia, mental retardation, and hepatic and renal 
dysfunction[26]. The involvement of multiple organs in 
Wolcott-Rallison syndrome indicates the broad range 
of PERK’s protective activities in the body. On the other 
hand, over-activated PERK can be harmful. In prion-
infected mice, excessive and long-term ER stress-induced 
over-activation of the PERK/eIF2α/ATF4 pathway led to 
neurodegeneration[27]. Based on these findings, efforts 
have been made to target PERK as a potential therapeutic 
strategy in ER stress-related diseases[28]. 

Interestingly, although PERK, ATF4 and CHOP are se­
quentially activated in the same pathway, each deficiency 
causes different phenotypes in the mouse pancreas, 
indicating that their functions are not fully overlapped 
in acinar cells. Similar to Wolcott-Rallison syndrome in 
humans, PERK-deficient mice present with significant 
pancreatic atrophy associated with increased pancreatic 
cell death early after their birth[29]. While PERK is required 
for both secretory homeostasis and survival in β cells, in 
acinar cells it is only needed for maintaining the viability, 
but not for enzyme synthesis and secretion[29,30]. In line 
with this, no ER stress is observed in PERK-deficient acinar 
cells[29]. ATF4-deficient mice, however, have severely 
underdeveloped exocrine pancreata with a reduced 
numbers of acinar cells, indicating a development role 
of ATF4 in acinar cells[29]. In contrast to PERK-deficient 
mice and ATF4-deficient mice, CHOP-deficient mice have 
a completely normal pancreas[31]. Activation of PERK/
eIF2α/ATF4 is upregulated in injured acinar cells, leading 
to the inhibition of general translation and the expression 
of pro-apoptotic CHOP[32,33]. Increased CHOP is found to 
be protective in a severe AP animal model, likely because 
it can direct the fate of injured acinar cells toward less 
harmful apoptosis instead of more destructive necrosis[31]. 

IRE1/XBP1
On the membrane of stressed ER, the ribonuclease 
function of IRE1 is activated to excise an intron from 
the mRNA of X-box binding protein 1 (XBP1), whose ex­
pression is regulated by ATF6[34,35]. Spliced XBP1 mRNA 
(sXBP1) encodes an active form of XBP1 that activates the 
transcription of chaperones and ERAD components (Figure 
1). Interestingly, in addition to its ribonuclease function, 
IRE1 has a kinase domain that regulates non-UPR 
signaling in response to ER stress, such as the activation 
of nuclear factor kappa light chain enhancer of activated B 
cells (NFκB)[36]. 

The IRE1/XBP1 pathway is dysregulated in multiple 
ER stress-associated human diseases[25], which led to me­
chanistic studies of the IRE1/XBP1 pathway in different 
animal models. In neurodegenerative disease models, XBP1 
appeared to be pathogenic in amyotrophic lateral sclerosis 
and Huntington’s disease via the inhibition of autophagy[37,38]. 
In Alzheimer’s disease and Parkinson’s disease models, 
however, XBP1-mediated UPR was neuroprotective[39,40]. 
Interestingly, unlike PERK, XBP1 was dispensable in prion-
related disorders[27,41]. In gastrointestinal disorders, IRE1 
alleviated ER perturbations in intestinal epithelial cells 

in inflammatory bowel disease[42], and XBP1 enhanced 
fibrogenic activity in hepatic stellate cells in a steatosis 
model[43]. XBP1 was also important for glucose and lipid 
homeostasis, and linked obesity to type 2 diabetes[44,45]. 
Thus, the IRE1/XBP1 pathway has distinctive roles in 
disease progression depending on the pathogenesis. 
Accordingly, IRE1/XBP1 inhibitors and activators have 
been developed for disease treatment[28,46]. Still, more 
extensive and rigorous pre-clinical studies are needed to 
predict their effectiveness in the clinical setting. 

The IRE1/XBP1 pathway is vital for pancreas devel­
opment, as deficiency of IRE1 or XBP1 impaired exocrine 
pancreas development in Xenopus and mice[47-49]. In 
normal pancreatic acinar cells, the IRE1/XBP1 pathway 
has a basal activity level[50]. Inhibition of IRE1 or XBP1 
reduced spontaneous digestive enzyme secretion in 
acinar cells[13,51], indicating that unlike PERK, the IRE1/
XBP1 pathway is required for ordinary digestive function. 
Notably, inhibition of IRE1/XBP1 led to the over-activation 
of PERK in acinar cells, and over-activated PERK was 
associated with diminished XBP1 in AP[32,33]. Although 
XBP1 expression is transcriptionally regulated by ATF6[35], 
how XBP1 expression diminishes in AP remains unknown. 
Intriguingly, unlike in AP, XBP1 is elevated in CP along 
with other UPR elements[52]. These results suggest that 
diminished XBP1 could be an early event in the chain of 
UPR pathway dysregulation in AP.

ATF6
ER stress induces Golgi translocation and cleavage-
activation of ATF6. The two proteases that sequentially 
cleave ATF6 on the Golgi are site one and two proteases 
(S1P and S2P), which also regulate cholesterol and fatty 
acid synthesis in the liver via cleavage-activation of sterol 
regulatory element-binding proteins (SREBPs)[53,54]. 
Cleaved ATF6 then enters the nucleus and activates the 
transcription of other genes required for UPR activities[18]. 
Compared to PERK and IRE1 that regulate diverse cellular 
activities, ATF6 mainly activates the transcription of 
chaperones and ERAD components. Notably, ATF6 also 
activates the transcription of XBP1[35], whose activity could 
in turn inhibit PERK activation[32,33]. Thus, ATF6 appears to 
initiate interactions among the three UPR pathways. 

Studies have shown that ATF6-regulated UPR modu­
lates hepatic and neurologic processes. In liver, ATF6 
controls gluconeogenesis and blocks ER stress-induced 
steatosis[55,56]. In the nervous system, ATF6 is neuro­
protective in Huntington’s disease via the activation 
of UPR’s pro-survival activities[57]. Mutations in ATF6 in­
crease the susceptibility to ER stress-induced damage, 
which underlies the pathogenesis of the visual disorder 
achromatopsia[58]. Despite the recognized roles of ATF6 
in diseases, no drugs have been developed to specifically 
target ATF6, and only a couple of S1P inhibitors have been 
used to experimentally reduce lipid synthesis and viral 
propagation[59,60].

Among PERK, IRE1 and ATF6, ATF6 seems to have 
the highest sensitivity to ER stress in acinar cells. This is 
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because ATF6 nuclear translocation was observed much 
earlier than upregulation of BiP, XBP1 mRNA splicing or 
CHOP expression in a rat AP model[50]. Highly increased 
ATF6, along with phosphorylation of PERK and elF2 and 
upregulation of CHOP, was also observed in a mouse 
binge-drinking model[61]. We consistently found increased 
cleavage of ATF6 in acinar cells in response to cerulein-
induced ER stress, and confirmed that S1P-mediated 
cleavage-activation of ATF6 was required for the protection 
of acinar cells in AP[62]. Thus, the ATF6 pathway is a 
potential target for AP treatment. 

UPR IN THE REGULATION OF NFκB-
MEDIATED INFLAMMATORY RESPONSE 
IN AP
Although knowledge about inflammatory regulation is 

growing rapidly, how cells initiate inflammation in response 
to intracellular disturbances is still poorly understood. 
Interestingly, signaling pathways that control NFκB-medi­
ated inflammatory responses and the UPR were found 
to be integrated, strongly suggesting that they originate 
through a common mechanism[63]. As shown in Figure 
2, activated eIF2α in the PERK pathway inhibits the 
translation of both NFκB and its inhibitor IκB, which results 
in the activation of NFκB since IκB has a much shorter half-
life compared to NFκB[63]. Additionally, the kinase function 
of IRE1 can phosphorylate IκB kinase (IKK) in response to 
stress, resulting in the degradation of IκBα and subsequent 
NFκB activation[36]. ATF6 may also activate NFκB via AKT-
mediated degradation of IκB[64]. 

In the pancreas, evidence has been mounting in sup­
port of a dual role of NFκB in the regulation of survival 
and inflammation in acinar cells. Basal NFκB activity is 
considered as prosurvival in acinar cells, while highly active 
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NFκB favors the proinflammatory “arm”[65]. The prosurvival 
activity of NFκB in acinar cells is evidenced by worsened 
AP in the mouse pancreas with a loss-of-function mutation 
in the NFκB subunit p65[66], as well as the ameliorated 
AP in IκBα-mutated mice that have increased basal NFκB 
activity[67]. However, the proinflammatory effect becomes 
dominant when NFκB is over-activated in AP[68,69]. As 
shown in Figure 2, we propose that adequate UPR induces 
basal NFκB activity to enhance the survival of acinar cells, 
since besides IRE1/IKK, neither PERK/eIF2α nor ATF6/
AKT are effective in inducing the degradation of IκBa. 
In dysregulated UPR, however, all three pathways are 
activated to effectively promote IκBα degradation. This 
results in significantly upregulated NFκB activity, which 
promotes the inflammatory response in AP. In support 
of this model, a study has shown that maximized NFκB 
activation can be induced by the cooperation between 
PERK/eIF2α-mediated translation repression and IRE1-
mediated phosphorylation of IKK in response to ER 
stress[70]. In addition, the inhibition of AKT attenuated pan­
creas inflammation in a severe AP model associated with 
reduced activation of NFκB[71], supporting the possible role 
of ATF6-regulated AKT in the over-activation of NFκB in 

acinar cells. 

UPR IN THE REGULATION OF 
AUTOPHAGY IN AP
Autophagy is another fundamental protective activity, 
whose impairment has been considered as a point of 
convergence in the multiple deranged pathways of AP. 
Autophagy helps relieve ER stress by regulating cellular 
degradation[72]. Impaired autophagy in AP is characterized 
by defective autophagic flux, with the accumulation of 
large autophagic vacuoles manifesting as vacuolization 
in acinar cells. As shown in Figure 3, the pathways in 
adequate UPR help maintain autophagic flux. XBP1 
prevents the accumulation of autophagic vacuoles by re­
pressing the induction of autophagy and facilitating the 
processing of cathepsin, a lysosomal protease required 
for the activation of acid hydrolases in autophagic va­
cuoles[37,38,73,74]. The promotion of autophagic protein 
degradation by IRE1-activated IKK also facilitates auto­
phagic flux in acinar cells, since both IRE1-deficient mice 
and IKK-deficient mice have spontaneous acinar cell 
vacuolization[49,75]. In addition to IRE1/XBP1, the role of 
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ATF4 and ATF6 in the promotion of autophagy cannot 
be excluded, since they activate the transcription of 
autophagy genes[76,77]. In AP, however, we propose that 
the initiation of autophagy is significantly enhanced by a 
combined effect of diminished XBP1 with upregulated ATF6 
and ATF4, while the protein degradation is attenuated 
because of the lack of enough XBP1 to effectively process 
cathepsins. These dysregulations of autophagic flux could 
synergistically induce the vacuolization of acinar cells, 
which further aggravates pathogenic ER stress in AP (Figure 
3).

Thus, multiple lines of evidence support a model of AP 
in which the protective UPR is undesirably transformed 
into a driving force behind pathogenic ER stress, proin­
flammatory NFκB activation and defective autophagy in 
injured acinar cells. Further validation of this model could 
help elucidate the pathogenesis of AP. 

UPR AND AP MANAGEMENT
Recognition of the failure of inadequate UPR to relieve ER 
stress as an initiation fact of acinar cell injury in AP can 
make clinicians more cautious of using the medications 
that impair the UPR in patients with AP risk. For example, 
Bortezomib, an ERAD inhibitor used in the treatment of 
patients with multiple myeloma, induced AP[78].  

Understanding the UPR in AP helps address the 
concern of the replacement of total parenteral nutrition 
with enteral nutrition in current AP management. Total 
parenteral nutrition was a universal management therapy 
for both mild and severe AP in the 1980s and 1990s. 
This was because total parenteral nutrition was thought 
to alleviate the burden on injured acinar cells in AP, since 
acinar secretion in healthy individuals induced by enteral 
nutrition can be avoided with parenteral nutrition[79]. In AP 
patients, however, enteral nutrition may not necessarily 
increase the enzyme production in acinar cells, since 
the PERK pathway that blocks the synthesis of digestive 
enzymes is highly activated in acinar cells. Indeed, multiple 
studies have proven that enteral nutrition does not worsen 
the pancreatic injury in AP patients, but has significantly 
decreased the risk of intestinal infection associated with 
total parenteral nutrition[3]. 

In addition, some strategies in current AP management 
alleviate the inflammatory microenvironment that 
otherwise could worsen ER stress and dysregulated UPR 
in AP. For example, early aggressive hydration is some­
how effective in preventing serious complications, such 
as pancreatic necrosis[3]. The considered underlying 
mechanisms include resolving the hypoxia, nutrient 
deprivation, and pH changes in the inflamed AP tissues 
that may aggravate the dysregulation of the UPR in 
injured acinar cells. Moreover, the shifting concept of 
surgical management of pancreatic necrosis also supports 
the importance of the microenvironment in acinar injury. 
Open necrosectomy was previously practiced widely for 
necrotizing pancreatitis. However, studies have shown that 
the mortality in stable patients with infected necrosis can 
be significantly reduced if necrosectomy is delayed until 

the necrosis is walled-off by fibrous tissue. This favorable 
outcome is likely associated with the recovery of the UPR 
in residual acinar cells. Similarly, the minimally-invasive 
step-up approach that can efficiently minimize the surgical 
trauma and stress in residual acinar cells has been shown 
to be superior to open necrosectomy for necrotizing pan­
creatitis[80]. 

The finding of dysregulated UPR in AP also provides 
potential targets for new pharmacological intervention. 
During the pathogenesis of AP, the initial chain of events 
in the acinar cells that lead to the clinical presentation 
of AP are quite distant to the patient presenting in the 
emergency room. Hours later, when the patient presents, 
it may seem to be too late for pancreatic function-targeted 
interventions to be beneficial[5]. However, this is not likely 
to be true for several reasons. The majority of patients 
have mild disease upon admission and only progress 
to severe disease over the next 24-48 h[3]. Additionally, 
few patients who develop necrosis of the pancreas 
have this finding on admission computed tomography. 
Most complications of the disease, such as pulmonary 
edema, sepsis and renal failure, develop later in the 
course of the disease. Considering the pattern of clinical 
progression and the ongoing acinar cell destruction seen 
as pancreatic necrosis evolves, the events in the acinar 
cell that cause AP represent an important target for 
pharmacological intervention. This is supported by the 
fact that up to 80% of AP cases are self-limited by self-
protective mechanisms[2,3], such as the UPR that alleviates 
the disturbances in acinar cells. Therefore, targeting the 
UPR seems to be a reasonable strategy to prevent the 
aggravation of pancreatic injury and inflammation in AP 
when the patient presents.

CONCLUSION
In summary, we have proposed that dysregulated UPR 
plays a decisive role in the pathogenesis of AP. Of note, in 
comparison to the rapidly-growing research on other ER 
stress-associated disorders such as neurodegenerative 
diseases, studies of how AP risk factors impair the UPR 
and lead to acinar cell injury are very limited. In order to 
improve AP management, more efforts and resources are 
needed to identify the UPR pathway as a potential target 
for therapeutic intervention in AP. 
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Abstract
AIM
To determine whether and to what extent the gut micro
biome is involved in regulating racial disparity in colorectal 
cancer (CRC). 

METHODS
All patients were recruited and experiments were 
performed in accordance with the relevant guidelines 
and regulations by the Institutional Review Boards (IRB), 
committees of the John D. Dingell VAMC and Wayne 
State University guidelines. African American (AA) and 
Caucasian American (CA) patients were scheduled for 
an outpatient screening for colonoscopy, and no active 
malignancy volunteer patients were doubly consented, 
initially by the gastroenterologist and later by the study 
coordinator, for participation in the study. The gut micro
bial communities in colonic effluents from AAs and CAs 
were examined using 16sRNA profiling, and bacterial 
identifications were validated by performing SYBR-based 
Real Time PCR. For metagenomic analysis to characterize 
the microbial communities, multiple software/tools were 
used, including Metastats and R statistical software.

RESULTS
It is generally accepted that the incidence and mortality 
of CRC is higher in AAs than in CAs. However, the 
reason for this disparity is not well understood. We 
hypothesize that the gut microbiome plays a role in 
regulating this disparity. Indeed, we found significant 
differences in species richness and diversity between 
AAs and CAs. Bacteroidetes  was more abundant in AAs 
than in CAs. In particular, the pro-inflammatory bacteria 
Fusobacterium nucleatum and Enterobacter  species were 
significantly higher in AAs, whereas probiotic Akkermansia 
muciniphila and Bifidobacterium  were higher in CAs. The 
polyphyletic Clostridia  class showed a divergent pattern, 
with Clostridium XI  elevated in AAs, and Clostridium IV, 
known for its beneficial function, higher in CAs. Lastly, 
the AA group had decreased microbial diversity overall 
in comparison to the CA group. In summary, there were 
significant differences in pro-inflammatory bacteria and 
microbial diversity between AA and CA, which may help 
explain the CRC disparity between groups.

CONCLUSION
Our current investigation, for the first time, demonstrates 
microbial dysbiosis between AAs and CAs, which could 
contribute to the racial disparity of CRC.

Key words: Human gut; Microbiome; Colorectal cancer; 
Fusobacterium nucleatum; African Americans; 16S RNA 
profiling; Metagenomics 
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Core tip: Several studies have demonstrated that the 
incidence of colorectal cancer (CRC) is higher in African 
Americans than Caucasian Americans. Reasons for this 

racial disparity are unknown. The current study, for 
the first time, demonstrated that dysbiosis in the gut 
microbiome plays a determinant role in the racial disparity 
of CRC. Determining the influence of the microbiota 
on the risk of developing CRC will have a major impact 
on health, since early-stage CRC hinges on the ability 
to detect early pathological changes. Subsequent 
translational studies could also be developed to alter 
microbiota with medications or diet, thus reducing the risk 
of developing CRC.
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INTRODUCTION
Colorectal cancer (CRC) is the second leading cause of 
cancer death in the United States, and several studies 
have demonstrated that African Americans (AAs) have 
the highest rate of CRC in the United States[1-6]. AAs 
have the highest incidence and death rates for CRC than 
Caucasian Americans (CAs), Hispanics and Asian/Pacific 
Islanders[7]. CRC typically correlates with age, reflecting 
a multistep progression from normal epithelium to car
cinoma. However, a significant number of AAs are diag­
nosed with CRC at a younger age compared to CAs[8-11]. 
Genomic alterations in oncogenes and tumor suppressor 
genes drive the epithelial cell transformation to carcinoma 
- including the Apc/Wnt-β-catenin signaling pathway and 
the tumor suppressor gene Apc[12-14]. Previous studies 
have shown that microRNA drivers upregulated in AAs 
lead to an increased proportion of cancer stem cells in 
human colonic epithelial cells[15]. 

The human microbiome is at the interface of intrinsic 
and environmental factors - and abnormalities in the gut 
microbiome have been noted in patients with CRC[16-19]. 
The colonic microbiota is mostly bacteria consisting of 
approximately 103 different microbial species[20]. Gut 
microbiota is essential in the maintenance of homeo­
stasis, and it contributes to immune development, 
inhibits pathogen colonization, processes drug meta­
bolites, metabolizes nutrients from the diet and also 
modulates their biological activities[10,21]. Dysregulation 
of gut microbiota and a concomitant state of chronic 
inflammation and persistent activation of the host im
mune system have been implicated in the initiation and 
development of CRC[22-24]. 

One primary role of gut bacteria is to participate 
in the biotransformation of products in the gut, which 
include bile acids secreted from the liver. The gut micro­
biota may alter cancer susceptibility and has anti-cancer 
effect through the production of microbial secretory 
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metabolites, such as short chain fatty acids (SCFAs), 
secondary bile acids (SBA), and trimethylamine N-oxide 
(TAMO)[25-28]. SBAs, deoxycholic acid (DCA) and lithocholic 
acid (LCA), are noted in particular for their carcinogenic 
activity[29-33]. Murine models have demonstrated that 
DCA shifts the microbiota community to dysbiosis and 
promotes intestinal tumorigenesis in Apcmin/+ mice when 
DCA-treated fecal microbiota inoculated in one mouse is 
transferred to another[34]. 

Thus, multifactorial reasons underlie the racial dis
parity of CRC. The current investigation was aimed at 
studying microbial dysbiosis in the gut between AAs and 
CAs. In this pilot study, we investigate the diversity and 
abundance of specific gut microbes in colonic effluents 
using 16S rRNA gene community profiles in AAs and CAs 
and their possible role in increased incidence of CRC in 
AAs. 

MATERIALS AND METHODS
Study subjects and collection of samples 
In the current pilot investigation, 52 AA and 46 CA 
patients were recruited. The study was approved by 
the Institutional Review Boards and Committees of the 
John D. Dingell-Veterans Affairs Medical Center (JDD-
VAMC) and Wayne State University School of Medicine. 
Patients excluded from the study were those with active 
malignant disease, inflammatory bowel disease, recent 
infection and those recently treated with antibiotics. In 
addition, patients with psychiatric or addictive disorder, 
hemorrhagic diathesis or on warfarin were excluded. 
General characteristics of study participants are the same 
as described in our earlier publication[15]. None of the 
patients were taking probiotics as supplements. General 
characteristics of each group of patients are presented in 
Table 1.

Eligible study subjects were scheduled for an out­
patient screening colonoscopy at the JDD-VAMC. All 
study subjects received standard colonoscopy purgative 
preparation. Briefly, patients were asked to stay on 
a clear liquid diet for 24 h and to take a preparation 
containing 15 mg Bisacodyl the morning prior to their 
colonoscopy. The patients were also instructed to split 
the dose (4 L) of poly-ethylene glycol solution (PEG) into 
a first half (2 L) the evening prior to colonoscopy, and 
to drink the second half (the remaining 2 L) 5 h prior to 
the procedure and to finish it 3 h prior to the procedure, 
regardless of appointment time (morning or afternoon). 
Colonic effluent was aspirated prior to the colonoscopy 
through the working channel of the endoscope, as 

reported earlier[15]. Additionally, 8 forceps biopsies were 
taken from macroscopically normal appearing colonic 
mucosa (< 10 cm anal verge), as described previously[15]. 

DNA extraction for 16S rRNA gene microbial community 
profiling
Genomic DNA was extracted from colonic effluents 
using QIAamp DNA Stool Mini Kit (QIAGEN) according 
to the manufacturer’s instructions. Purified DNA used 
for analysis of 16S rRNA community profiling was per­
formed by LC Sciences (Houston, Texas). The V3 and 
V4 regions of the 16S rRNA gene were amplified to 
generate approximately 469 bp amplicons, automating 
cluster generation and sequencing on the MiSeq system. 
For data analysis, the merge paired-end reads from 
DNA fragments were analyzed using next generation 
sequencing FLASH (Fast Length Adjustment SHort reads) 
software, and raw sequencing data quality control was 
checked using FastQC software. Operational taxonomic 
units (OTUs) clustering was based on 97% sequence 
similarity using CD-HIT software. Microbial strain 
identification software Quantitative Insights Into Microbial 
Ecology (QIIME) was used for alpha diversity and beta 
diversity, visualization of high throughput microbial com­
munity, and for principal coordinates analysis. Ribosomal 
Database Project (RDP) classifier, Greengenes, NCBI 
16SMicrobial (TUIT tool) and GraPhlAn software were 
used for taxonomic classification and circular taxonomic 
phylogenetic trees.

Genomic DNA isolation from colonic effluents and 
validation
Bacterial genomic DNA was isolated from colonic effluents 
using QIAamp DNA Stool Mini Kit (QIAGEN) according to 
the manufacturer’s instructions. For real time PCR, DNA 
(40-50 ng) and appropriate blank were used for RT-PCR 
analysis in triplicate using the 2 × Power-Up SYBR Green 
PCR Master Mix (Applied Biosystems) and the ABI Prism 
7500 sequence detection system. PCR consisted of 40 
cycles of 95 ℃ for 10 min and then 95 ℃ for 15 s, 60 ℃ 
for 60 s. The primer sequences were used to evaluate 
the presence of specific types of bacteria. Ct values were 
utilized to assess the relative concentration of specific 
DNA for each sample as described by the manufacturer. 
Each sample ΔΔCt values was calculated by normalizing 
to the CT value of total bacteria (Eubacteria). 16S rDNA 
served as an internal control and each value represented 
the mean of three replicates. All oligonucleotide primers 
were synthesized by Integrated DNA technology Inc. 
(Coralville, IA, United States). The primer set for each 

Race Gender Age Height (inches) Weight (lbs) Body mass index Polyp Adenoma

AA Male 65.2 70.4 181 28.9 4.6 3.8
CA Male 62.6 69.0 194 31.0 1.43 1.0

Table 1  General characteristics of African American and Caucasian American patients

AA: African Americans; CA: Caucasian Americans.
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gene is listed in Table 2.

Real-Time PCR from biopsy 
To determine the specific bacterial abundance between 
serrated and tubular adenomatous patients, total RNA 
was prepared from patient biopsy samples using TRIzol 
as recommended by the manufacturer and purified using 
the Rneasy Mini Kit (QIAGEN). For real time PCR, cDNA 
was prepared with the SuperScript Ⅲ First-Strand cDNA 
synthesis system for RT-PCR (Invitrogen) and analyzed 
in triplicate using the 2 × Power-Up SYBR Green PCR 
Master Mix (Applied Biosystems) and the ABI Prism 
7500 sequence detection system. Primers and PCR were 
performed as described in the previous section.

For determination of RT-PCR expression of 7-α-dehy
droxylase (BaiCD), primers were as follows, baiCD for
ward: 5’-GGWTTCAGCCCRCAGATGTTCTTTG-3’; reverse: 
5’GAATTCCGGGTTCATGAACATTCTKCKAAG-3’[35]. 

Statistical analysis
For microbiota data statistical analysis, Metastats soft­
ware was used for metagenomics sequencing data 
analyzed from two groups to characterize the microbial 
communities. CD-HT and R statistical software was used 
for BIOM-formatted OTU communities clustering and 
OTU statistics. For examining alpha diversity, QIIME 
software was used for graphics and statistical purposes. 
RDP classifier, QIIME, TUIT GraPhlAn, MetaPhlAn, R 
software/Too were used for taxonomic classification and 
statistics. For Real Time PCR data, the standard deviation 
of mean between two groups and t-test were performed 
to determine the significance level between two groups.

RESULTS
Phylogenetic analysis of microbial communities in 
colonic effluents 
Microbiota composition of colonic effluent was compared 
by high throughput analysis of 16S small ribosomal 
subunit gene (16S rRNA) amplicon. Sequencing of the V3 
+ V4 region was used for OTU clustering based on 97% 
sequence similarity. We found unique OTUs in AAs (7234) 
and CAs (5252), with an overlap of 742 OTUs between 
the two groups (Figure 1A). We found higher species 
richness and species diversity in CAs using the number 

of OTUs in Shannon index (Figure 1B). Irrespective of 
high inter-individual variances, the Principal Coordinates 
Analysis (PCoA) showed AAs to possess an abundance of 
common microbiota, compared to dispersed CA counter­
parts, revealing more microbial homogeneity within AAs 
than CA patients (Figure 1C). 

The microbiota composition of AAs and CAs showed 
significant differences in the Bacteroidetes and Proteo­
bacteria phyla (Figure 2A and Table 3). Taxonomic 
phylum from 11 from AAs and 24 from CAs were iden
tified (Figure 2A). Bacteroidetes was the most abundant 
bacterial phylum in AAs (70%), whereas Firmicutes 
occurrence of 36% was higher in CAs (Figure 2A). 
Phylogenetic analysis further identified 44 classes of 
microbiota, with CAs showing more diverse population 
than AAs (Figure 2B). Bacteroidia was significantly 
higher in AAs, while Clostridia, Bacteria-unclassified, 
Gammaproteobacteria, Bacilli, Verrucomicrobiae, 
Acinobacteria, Fusobacteria and Alphaproteobacteria 
were more abundant in CAs (Figure 2B). Again, the 
microbial species richness and diversity was higher in 
CAs compared to AAs (Figure 2B). 

By 16S rRNA gene profiling, there were eight pre­
dominant families found between the two racial groups, 
Bacteroidaceae, Ruminococcaceae, Lachnospiraceae, 
Rikenallaceae, Porphymonadaceae, streptococaceae, 
Acidaminococaceae and Veillonellaceae (Table 3). 
The most predominant genus in AAs and CAs was 
Bacteroides, comprising 56% and 29%, respectively. 
Genus abundance of other microbiota was less than 
7% with some degree of variation, as observed for 
Gemmiger, Allistipes, Parabacterroides, Faecalibacterium, 
Biophila, Ruminococcus2, Escherichia/Shigella (E/
S), Streptococcus, Clostridium IV, Clostridium XIVa, 
Barnesiella, Akkermansia, Phascolartobacterium, 
Veillonella, Blautica, Roseburia, Haemophilus, Dialister 
and Fusobacterium (Table 3). 

At the species levels, the relative abundance of B. 
caccae and B. massiliensis, P. distasonis, P. unclassified, 
Biophila unclassified and Clostridium XI unclassified 
were noted to be significantly higher in AAs compared 
to CAs (Table 3). In CA, the abundance of G. formicilis, 
Clostridium IV, B. intestinihominis, E/S. unclassified, H. 
parainfluenza, A. muciniphila, D. invisus, S. faecium and 
F. unclassified abundance was higher than AA patients. 

Bacterial gene Forward primer (5’-3’) Reverse primer (5’-3’) Ref.

Clostridium cluster XI TGACGGTACYYNRKGAGGAAGCC CTACGGTTRAGCCGTAGCCTTT [63]
Clostridium cluster XIVa GCGGTRCGGCAAGTCTGA CCTCCGACACTCTAGTMCGAC [64] 

Clostridium cluster IV GCACAAGCAGTGGAGT CTTCCTCCGTTTTGTCAA [65]
Bifidobacterium genus GATTCTGGCTCAGGATGAACGC CTGATAGGACGCGACCCCAT [66] 
Lactobacillus spp. AGCAGTAGGGAATCTTCCA CACCGCTACACATGGAG [66]
Enterobacter (Family) CATTGACGTTACCCGCAGAAGAAGC CTCTACGAGACTCAAGCTTGC [66]
Fusobacterium (genus) GGATTTATTGGGCGTAAAGC GGCATTCCTACAAATATCTACGAA [67]
Fusobacterium nucleatum CAACCATTACTTTAACTCTACCATGTTCA GTTGACTTTACAGAAGGAGATTATGTAAAAATC [68]
Clostridium sordelli CTGAGACACGTCCAAACTCTAC CCTCCTCAAGTACCGTCATTATC -
Total bacteria CGTGCCAGCAGCCGCGG TGGACTACCAGGGTATCTAATCCTG  

Table 2  List of primers for bacterial genes specific for family, genus and species
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However, with respect to F. prausnitzii, Ruminococcus2 
unclassified, A. putredinis, and P. clara, the relative 
abundance was found to be similar in both groups (Table 
3). On the other hand, the Fusobacterium genus was 

higher in CAs compared to AAs (Figure 3A), and the 
Fusobacterium species level was identified as unclassified 
by microbial 16sRNA gene profiling.

To further compare the microbial population between 
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AAs and CAs, we examined the abundance of specific 
bacterial populations using species-specific primers. 
The occurrence of the Enterobacter genus was found 
to be considerably higher in AAs than CAs (Figure 
3B), while the Enterobacteriaceae family showed the 
opposite pattern (Table 3). Taxonomic analysis showed 
CAs to contain Citrobacter, Klebsiela Escherichia coli, 
Enterobacter and Shigella sp. (Table 3). In contrast, the 
relative abundance of the probiotic bacteria genuses 
Bifidobacterium and Akkermansia muciniphila was con
siderably lower in AAs compared to CAs (Figures 3C and 
D). These observations demonstrate that the population 
of pro-inflammatory bacteria is higher in the gut of AAs 

than CAs.

Occurrence of Fusobacterium nucleatum and 
Clostridium genus
The relative abundance of Fusobacterium nucleatum has 
been associated with the development and progression 
of CRC[23,36,37]. We found that the relative abundance of 
F. nucleatum in colonic effluents was significantly higher 
in AAs than CAs (Figure 3E), indicating a greater risk 
for the development of CRC in AAs. On the other hand, 
serrated polyps, which supposedly possess a greater 
risk of developing CRC, did not exhibit an increased 
abundancy of F. nucleatum. In fact, we found the relative 

Phylum Family Genus Species AA (%) CA (%)

Bacteroidetes 70.74 43.17
Bacteroidaceae 56.75 29.94

Bacteroides 56.8 29.9
Unclassified 30.3 17.8

Caccae 13.6 5.5
Massiliensis 6.7 1.7
Uniformis 2.8 1.5

Fragilis 1 2
Rikenellaceae 6.44 5.47

 Allistipes Putredinis 6.4 (3.9) 5.4 (3.0)
Porphymonadaceae 6.4 6.95

Parabacteroides Distasonis 4.9 (3.4) 3.2 (1.0)
Barnesiella Intestinihominis 0.16 (0.16) 2.7 (2.6)

Prevotellaceae 1.9 1.1
Paraprevotella Clara 1.0 (0.9) 0.6 (0.6)

Firmicutes 26.74 36.25
Ruminococaceae 11.35 15.7

Faecalibacterium Prausinitzii 4.5 (4.5) 3.1 (3.1)
Unclassified Unclassified 2.5 (2.5) 2.9 (3.0)
Gemmiger Formicilis 1.9 (1.6) 6.1 (6.0)

Clostridium IV Unclassified 0.3 (0.3) 1.5 (1.5)
Lachnospiraceae 11.19 13.7

Ruminococcus 2 Unclassified 3.4 (3.4) 4.7 (4.7)
Clostridium XIVa Unclassified 2.05 (2.0) 1.03 (1.0)
Unclassified Unclassified 1.6 (1.7) 2.4 (2.4)

Blautica Producta 0.22 (0.06) 1.2 (0.0)
Dorea Unclassified 1.8 (0.8) 1.3 (1.0)

Roseburia Unclassified 0.5 (0.3) 1.3 (0.9)
Steptococaccae Steptococcus Faecium 0.9 (0.9) (0.8) 3.2 (3.2) (3.2)

Acidaminococcaceae Phascolarctobacterium Unclassified 1.8 (1.9) (1.4) 0.9 (0.9) (1.3)
Peptostreptococcaceae Clostridium XI Unclassified 0.02 (0.02) (0.02) 0.01 (0.008) (0.008)

Veillonellaceae Veillonella Atypica 0.81 (0.03) (0.03) 1.27 (0.02) (0.02)
Unclassified 0.6 (0.6) 0.5 (0.5)

Dialister Invisus 0.002 (0.0) 0.68 (0.65)
Lactobacillaceae Lactobacillus Sanfrancisecnsis 0.035 (0.02) (0.004) 0.01 (0.01) (0.001)

Proteobacteria 2.02 5.9
Desulfovibrionaceae Biophila Unclassified 0.16 (0.12) (0.12) 0.07 (0.07) (0.01)

Sutterrellaceae Parasuttrella Excrementihomis 0.50 (0.76) (0.4) 0.24 (1.9) (0.1)
Pasteurellaceae Haemophilus Parainfluenza 0.57 (0.9) (0.4) 1.98 (1.9) (1.9)

Enterobacteiaceae Escherichia/Shigella Unclassified 0.92 (0.8) (0.9) 3.14 (3.1) (3.1)
Klebsiella Unclassified (0.09) (0.02) 0.003 (0.01)

Fusobacteria 0.18 0.58
Fusobactereaceae Fusobacterium Unclassified 0.18 (0.15) (0.15) 0.58 (0.6) (0.6)

Verrucomicrobia 0.04 1.9
Verrucomicrobiaceae Akkermansia Muciniphila 0.04 (0.04) 1.9 (1.9)

Bacteria-unclassified Unclassified Unclassified Unclassified 0 5.4 (5.4) (5.4)
Unclassified-unclassified Unclassified Unclassified Unclassified 0 4.6 (4.6) (4.6)

Table 3  Abundance of microbiota in colonic effluents from African Americans and Caucasian Americans (green, black, blue and red 
color represent phylum, family, genus and species, respectively)

AA: African Americans; CA: Caucasian Americans.
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abundance of F. nucleatum to be higher in tubular 
adenoma than serrated adenoma (B-Raf proto oncogene, 
serine/threonine kinase (BRAF) mutation), whereas the 
probiotic Lactobacillus was lower in both serrated and 
tubular adenomas than those without adenoma (Figure 
4). Likewise, the relative abundance of Bifidobacteria was 

found to be lower in tubular adenoma than those without 
adenoma (Figure 4). 

Using a clostridium cluster analysis and RT-PCR, 
we found that the relative abundance of Clostridium IV 
was higher in CAs (Figure 5A), while Clostridium XI was 
significantly higher in AAs (Figure 5B). Clostridium IV 
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is known to be mediate anti-inflammatory effects[38-40]. 
Clostridium sordelli in the Clostridium XI cluster group 
is known to transform SBA[41]. AA patients also showed 
higher concentrations of C. sordelli, compared to CAs 
(Figure 5C). A few species of gut anaerobes in the 
Clostridium genus promote the biotransformation of pri­
mary to SBA. Given the role of SBA (DCA and LCA) in 
promoting CRC, the expression of 7-α-dehydroxylase, 
an enzyme that participates in de-conjugation of primary 
bile acids, was examined. We found the expression of 
7-α-dehydroxylase (baiCD) in colonic effluent from AA 
patients to be markedly higher than CA subjects (Figure 
5D).

DISCUSSION
Our pilot study comparing AA and CA gut microbiota 
from colonic effluents reveal three major differences 
between the groups: the AA gut microbiota was less 
diverse overall, AAs had more pro-inflammatory gut 
bacteria, and AAs had fewer anti-inflammatory gut 
bacteria. The phylogenetic tree of microbiota between 
AAs and CAs reveal an abundance of taxon in CA vs AA 
(Figure 6). Analyzing PCoA of patients, we noted trends 
found previously in comparing normal colon to ade
nomas and CRC[36,42,43]. Patients with colonic adenoma 
typically demonstrate reduced species richness and 
diversity compared to those without adenomas[44,45]. 
Furthermore, a fecal microbiota shift occurs in patients 

with adenomas[46], and they exhibit increased diversity in 
mucosa than those without adenoma[47]. 

The human gut microbiota composition is generally 
represented by three primary phyla: Firmicutes 
(30%-50%), Bacteroidetes (20%-40%), and Actino­
bacteria (1%-10%)[22]. The two predominant bacterial 
phyla, Bacteroidetes, and Firmicutes, which contribute 
to 95% of the total GI ecosystem, are associated with 
adenomas and CRC[48]. The abundance of phylum 
Bacteroidetes (P. distasonis, Alistipes spp.) in the gut 
may increase the rate of tumorigenesis[49]. Our current 
study demonstrates an abundance of Bacteroidetes 
(70%) and reduction in Firmicute and Actinobacteria 
in AAs, whereas the microbial balance between pre­
dominant groups was unchanged in CAs, as has been 
demonstrated previously[22]. These observations are 
similar to what Hester et al[50] noted in their investigation 
in that the Firmicutes/Bacteroidetes ratio is higher 
in AAs compared to CAs. There is also a relative 
abundance of B. massiliensis in AAs compared to 
CAs. CRC has also been shown to be associated F. 
nucleatum and pro-inflammatory bacteria, Enterobacter 
and Clostridium XI-species. F. nucleatum strains have 
been shown to promote carcinogenesis and invasion 
of host cells and potentiate tumorigenesis in mouse 
model of colon cancer[23,37]. CRC patients demonstrate 
a higher abundance of F. nucleatum and Clostridium 
difficile, a member of Clostridium XI[51,52]. Others have 
demonstrated that the relative increase in Clostridium 
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cluster XI and Enterobacteriaceae are associated with 
intestinal dysbiosis[53]. 

Previous studies have suggested that a decrease 
in commensal microbiota in AAs may contribute to the 
tumorigenic microenvironment and that dysbiosis of gut 
microbiota may be partially responsible for promoting 
CRC and colitis-associated CRC[22,42,54]. In line with these 
observations, we found commensal bacteria B. fragilis to 
be slightly higher in CAs than AAs. Bacteroides fragilis is 
an immunomodulatory bacteria, which stimulates anti-
inflammatory cytokine IL10 by Foxp3+ regulatory CD+ 
T (Treg) cells and suppresses mucosal inflammation[55,56]. 
In contrast, Unclassified-Bacteria and Unclassified-
Unclassified micro-organisms were only present in CAs 
A. municiphila, a member of Verrumicomicrobia, is an 
intestinal symbiont and is known to induce an anti-
inflammatory effect and enhance immune function[57]. 
Depletion of A. muciniphila is associated with a variety of 
diseases, including diabetes[58,59]. We found the relative 
abundance of A. muciniphila to be lower in AAs than their 
CA counterparts. Collectively, AAs have fewer bacterial 
populations that are known to suppress inflammation, 
improve mucus barrier function, and diminish permea­
bility[60]. 

Human genetic variants can modulate the effects of 
the microbiome composition, and both are associated 
with many human complex diseases[61]. Microbiota 
changes with diet and stimulatory agents and can 
modulate disease development and progression[61,62]. 
Microbial dysbiosis in AAs may serve as a point for 
prevention and ultimately treatment of CRC. Identifying 
a microbial signature associated with CRC is complicated 
by many factors. This study was limited by focusing 
on a specific population with limited sample size and 
did not investigate dietary differences. However, there 
were significant differences between the colonic effluent 
microbiota of the AA and CA study groups - with less 
diversity of bacteria, greater abundance of pro-inflam­
matory bacteria, and reduced anti-inflammatory bacteria. 
Mechanisms for tumorigenesis may include bacteria that 
promote SBA transformation, as suggested by higher 
7-α-dehydroxylase in the AA vs CA group. Further study 
is needed to evaluate the role of decreased diversity and 
structural imbalance in the colon microbial communities 
and the development of CRC.

ARTICLE HIGHLIGHTS
Research background
The incidence of colorectal cancer (CRC), the third most common malignancy, 
is not only higher among African Americans (AAs), but is also associated with 
higher mortality. In addition, AAs tend to be diagnosed with CRC at a younger 
age than Caucasian Americans (CAs) and exhibit worse prognoses than 
their CA counterparts. Despite this grim outlook, neither the extrinsic/intrinsic 
factor(s) nor the underlying molecular and/or biochemical mechanisms are fully 
understood. We hypothesize that imbalance in the gut microbiome between 
AAs and CAs results in alterations of metabolites, which changes symbiotic 
relationships and enhance gastrointestinal diseases, including CRC. A number 
of bacteria are known to promote carcinogenesis in the colon by altering gut 
microbial composition, which may play a major role in colorectal carcinogenesis. 

Research motivation
CRC is the third leading malignancy world-wide, affecting both males and 
females equally. It represents one of the most common cancers in the United 
States and is estimated to be the second and third leading cause of cancer-
related deaths in men and women, respectively, in the United States. Several 
studies have also demonstrated that AAs have the highest rate of CRC than 
any other racial group in the USA, and also AA men are even more likely to die 
from CRC than AA women. With these grim statistics, it is important to gain a 
better understanding of the underlying mechanism(s), particularly the role of gut 
microbiota, in regulating racial disparity in colorectal carcinogenesis. 

Research objectives
The current investigation was aimed at studying microbial dysbiosis in the 
gut between AAs and CAs. The primary endpoint of this investigation was to 
determine whether the increased incidence of CRC in AAs could be attributed 
to alterations in gut microbiota. In this pilot study, we investigated the diversity 
and abundance of specific gut microbial communities in colonic effluents using 
16S rRNA gene profiling in AAs and CAs and their possible role in the increased 
incidence of CRC in AAs. 

Research methods
Male and female AA and CA patients, aged between 40 and 80 years, 
undergoing routine colonoscopy at the John D. Dingell VA Medical Center in 
Detroit were asked to participate. To determine the microbial diversity and the 
microbial richness in AAs and CAs, colonic effluent from each patient was used 
for DNA extraction and 16s RNA gene-based microbial community profiling 
which was performed and analyzed by LC Sciences (Houston, Texas, United 
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Figure 6  Phylogenetic tree showing the differences and abundance of 
taxa in African Americans and Caucasian Americans colonic effluents. 
The taxon size and color indicate the relative abundance of family. GraPhlAn 
software was used for taxonomic classification and circular taxonomic 
phylogenetic trees and Ribosomal Database Project classifier, Quantitative 
Insights into Microbial Ecology, R software/Tool were used for taxonomic data 
analysis.
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States). The composition of OTU and alpha diversity was measured by Venn 
diagram and Rarefaction measurement method. The relative abundance of 
phylum and classes was depicted by bar and pie chart. The phylogenic tree was 
plotted for AA and CA to determine the relative abundance of family in microbial 
community. Several inflammatory and probiotic bacterial marker candidates 
such as Enterobacteria, Bifidobacteria, Lactobacillus, Fusobacterium and/or 
Clostridium genus and species-specific bacteria were identified by real-time 
qPCR using specific primers designed on the basis of conserved and variable 
region in bacterial 16S rRNA genes according to our standard protocol. 
Statistical analysis was performed for each experiment accordingly. 

Research results
The relative abundance of Fusobacterium nucleatum, which has been 
associated with the development and progression of CRC, was found to 
be significantly higher in AAs than CAs, indicating a greater risk for the 
development of CRC in AAs. Clostridium IV, a known mediator of anti-
inflammatory effects, was found to be higher in CAs than AAs. 

Research conclusion
The human colon harbors a complex microbial flora. Bacterial density in 
the human colon is among the highest found in nature, approaching 1012 
bacteria/gm wet weight of feces. These bacteria are in a symbiotic relationship 
with the intestine, utilizing undigested nutrients as substrates and in return, 
produce various vitamins, amino acids, transform bile salts and assist in the 
maintenance of the intestinal barrier, and the appropriate immune response 
against pathogens. This homeostasis is altered in a state of dysbiosis, which 
is overgrowth of pathogenic bacteria that are normally inhibited by commensal 
bacteria. Our current investigation, for the first time, demonstrates microbial 
dysbiosis between AAs and CAs. This imbalance, we believe, is partially 
responsible for the racial disparity in CRC observed between AAs and CAs.

Research perspective
Although numerous studies have demonstrated that the incidence of CRC 
is higher in AAs than CAs, the reasons for this racial disparity are not fully 
understood. Data generated from this investigation reveal a role for the gut 
microbiome in racial disparity. The precise mechanisms by which changes 
in gut microbiota would lead to an increase CRC in AAs remain unexplored. 
However, it is tempting to speculate that this dysbiosis or overgrowth of certain 
bacteria in the gut of AAs resulting in alterations in microbial metabolites, 
specifically deoxycholic acid and lithocholic acid, which are known for their co-
carcinogenic activity, could induce the process(es) of carcinogenesis in the 
colon of AAs. However, the levels of microbial metabolites, including bile acids 
in AAs and CAs with and without adenomas have not determined. Moreover, 
no information is available whether the observed dysbiosis in AAs is due to 
changes in diet and/or lifestyle. Undoubtedly, further investigations are needed 
to gain a better and fuller understanding of the intrinsic and extrinsic factors that 
are critically involved in regulating racial disparity in CRC. 
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Abstract
Sessile serrated adenoma/polyps (known as SSA/Ps) 
may play an important role in the development of 
interval colorectal cancer (CRC). These lesions are more 
difficult to detect with conventional endoscopy and they 
may quickly turn into CRC, especially when dysplasia 
has developed. Therefore, primary or secondary 
chemoprevention may be an appealing strategy at a 
population level. Calcium and vitamin D have been shown 
in epidemiological studies to reduce the risk of CRC and 
conventional adenomas, but the evidence regarding 
their effect on SSA/Ps is controversial. In this editorial 
we comment on the results of a recent randomized 
controlled trial investigating the effect of calcium and 
vitamin D on the development of serrated lesions, 
summarizing the possible antineoplastic mechanisms of 
calcium and vitamin D, and discussing the differences 
found with previous observational reports.

Key words: Serrated polyps; Sessile serrated polyp; 
Vitamin D; Calcium; Colorectal cancer

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Calcium and vitamin D have been shown in 
epidemiological studies to reduce the risk of colorectal 
cancer and adenomas, but the evidence regarding 
their effect on sessile serrated adenomas/polyps (SSA/
P) is controversial - some studies showing no effect 
and others showing some degree of risk reduction. 
Recently, a randomized controlled trial with calcium and 
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vitamin D supplements was published, concluding that 
the relative risk of developing a SSA/P was increased in 
patients taking calcium and vitamin D/calcium. In this 
editorial we try to place these surprising results into 
context, describing the limitations of this and previous 
studies on this topic.

García-Morales N, Satorres C, Bustamante-Balén M. Calcium 
and vitamin D in the serrated neoplastic pathway: Friends or 
foes? World J Gastrointest Pathophysiol 2018; 9(3): 59-62  
Available from: URL: http://www.wjgnet.com/2150-5330/full/
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INTRODUCTION
Serrated polyps (SPs), and particularly sessile serrated 
adenoma/polyps (SSA/Ps), are precursor lesions of 
colorectal cancer (CRC). Some authors have affirmed 
that the so-called “serrated neoplastic pathway” is the 
route through which 10% to 30% of CRCs develop[1]. 
SSA/Ps are more difficult to detect with conventional 
endoscopy[2] and they may quickly turn into CRC, espe
cially when dysplasia has developed[3]. Therefore, SSA/
Ps may play an important role in the development of 
interval cancer. In this situation, primary or secondary 
chemoprevention may be an appealing strategy at a 
population level.

Calcium and vitamin D have been shown to exert 
their anticancer properties by stimulating differentiation, 
reducing proliferation and inducing apoptosis. The 
majority of epidemiologic studies support a reduction 
of the risk of CRC and adenomas by almost 30% 
when comparing high to low intake of both calcium 
and vitamin D. For instance, a dose-response meta-
analysis of observational studies found that an intake 
of supplemental calcium could reduce the risk of CRC 
at a rate of 9% for each 300 mg/d increase[4]. Calcium 
supplementation has also been shown in a randomized 
trial to reduce the recurrence of colorectal adenomas[5].

Based on this idea, interest has been focused in 
recent years on the effect of calcium and vitamin D 
on SPs’ development. Several large pooled studies 
and meta-analyses have been published on the topic, 
with disparate results. Some have shown no effect of 
calcium supplementation on SPs[6], others have shown 
a nonsignificant reduction in SP risk in individuals 
consuming the highest levels of calcium but no effect 
of vitamin D[7], and in other reports no effect of calcium 
was shown but vitamin D intake was found to be 
inversely associated with SPs, especially for polyps in 
the distal colon[8].

Despite the inclusion of hundreds of thousands of 
patients, these studies have some limitations that make 
it difficult to draw firm conclusions. Many studies were 
published years ago, prior to the classification of SPs 
into different subtypes. Current knowledge includes 
the different subtypes of SPs [hyperplastic polyp (HP), 

SSA/P, traditional serrated adenoma] being biologically 
different, posing different risks of developing a CRC, and 
possibly having different behaviors regarding dietary 
factors. Some of the included studies are based on 
sigmoidoscopies and, as we know, SSA/Ps are generally 
located in proximal segments of the colon[9]. Assessing 
possible risk factors in observational cohort studies 
may be difficult when there is a low prevalence of the 
disease - SSA/Ps in this case - while the prevalence of 
SSA/Ps in several studies is at most 8%[10]. In order to 
detect weak associations and describe possible long-
term effects, follow-up should be long enough; however, 
most prospective studies have a relatively short follow-
up, between 1 to 6 year[5,7]. Finally, risk factors often 
overlap in dietary epidemiological studies and, in 
regards to the specific case of calcium and vitamin D; 
many studies do not assess them separately.

Recently, a colonoscopy-based case-control study 
analyzing data from more than 7000 patients and controls 
was published[11]. In this study, an expert pathologist 
classified all serrated lesions according to subtype. 
Among other lifestyle and dietary factors, calcium intake 
was associated with a reduced risk of HP and adenomas 
but not with a statistically significant reduction in the 
risk of SSA/Ps. Vitamin D intake was not considered. 
Although designed following up-to-date knowledge, 
this study again has some limitations that do not allow 
the definite ruling out of a possible influence of calcium 
intake on SP development. Based on surveys, recall bias 
cannot be excluded. Moreover, only those individuals who 
answered some surveys were included, representing only 
51% of the initial candidates. Sample size could also be 
seen as an issue, since patients with SSA/Ps accounted 
for around only 7% of the entire case group. Finally, in 
this study only dietary calcium, and not supplements, 
was evaluated.

All together, these observational and case-control 
studies are a very useful tool for detecting possible 
associations and formulating hypothesis, but casualty has 
to be confirmed in clinical trials. This is the reason why 
the results of a well-designed randomized controlled trial 
have been eagerly awaited.

A randomized, multicenter, double-blind, placebo-
controlled chemoprevention trial with calcium and 
vitamin D supplements was recently published. Crockett 
et al[11] analyzed the risk of SPs among participants 
in the Vitamin D/Calcium Polyp Prevention Study. 
Participants with at least one adenoma in a baseline 
colonoscopy were included and distributed in four 
treatment arms (calcium, vitamin D, both or placebo). 
Individuals were treated for 3-5 year (treatment 
phase, n = 2058 patients), until the next surveillance 
colonoscopy, enabling a complete follow-up of at least 
3 more year (observation phase, n = 1108 patients). 
A total of 1111 SPs (955 of HP and 132 of SSA/P) and 
607 SPs (498 of HP and 79 SSA/Ps) were detected at 
the end of the treatment phase and the observation 
phase, respectively. There was no difference in the risk 
of developing a SP in patients taking vitamin D, calcium 
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or vitamin D plus calcium during the treatment phase. 
However, during the observation phase, relative risk of 
developing a SSA/P had increased in patients taking 
calcium and vitamin D plus calcium [crude relative risk: 
2.72 (1.47-5.03) and 4.09 (1.6-10.5), respectively]. 
This risk was further increased in women and smokers.

This study shows surprising results, as they go 
against previous findings, and they also seem to con
tradict current knowledge regarding the role of vitamin 
D in cancer prevention. This latter aspect is particularly 
intriguing. Why has vitamin D been related to an anti
neoplastic activity? Skin-produced vitamin D3 goes 
through two-cytochrome P450-mediated hydroxylation 
steps, first in the liver and then in the kidney, to yield 
calcitriol. Calcitriol - besides its critical role in regulating 
mineral homeostasis - through its binding to the nuclear 
vitamin D receptor (VDR), modulates the expression 
of many genes, thereby regulating multiple signaling 
pathways affecting inflammation, cell differentiation 
and proliferation, apoptotic mechanisms, invasion and 
metastasis[12]. The CYP27B1 enzyme, responsible for 
the second step of hydrolization in the kidney, has been 
shown to be present in several extra-kidney tissues and 
in cancer cells as well. Modulation of signaling pathways 
at this level could be responsible for vitamin D anticancer 
properties.

In the case of CRC, these properties are mainly driven 
by the modulation of the Wnt-β-catenin pathway[12]. 
Among other mechanisms, VDR binds to β-catenin, 
inhibiting its nuclear translocation. Wnt activation has 
been demonstrated in 93% of CRC[13]. Therefore, its 
inhibition could be keying in the anticancer properties 
of vitamin D. However, the role of this VDR-mediated 
mechanism in the modulation of SPs development is 
not so clear. The Wnt pathway has been related to the 
transition to dysplasia in SPs, according to β-catenin 
immunostaining being more prevalent in dysplastic 
lesions[14]. Therefore, the Wnt pathway does not seem to 
be essential in the earlier steps of the serrated pathway, 
and its inhibition could not therefore affect the overall 
incidence of SPs.

And, what about the main molecular mechanisms 
involved in the serrated pathway? These mechanisms 
are aberrant promoter hypermethylation of CpG islands 
(CIMP phenotype), microsatellite instability (MSI), 
and alteration of the mitogen-activated protein kinase 
pathway (BRAF and KRAS mutations). Few studies have 
assessed the relationship between vitamin D and calcium 
and these molecular alterations, but a consistent effect 
of these nutrients has not been shown. For instance, 
there is a study showing how VDR over-expression was 
significantly associated with KRAS mutation but not 
with BRAF mutation, CIMP or MSI[15]. In another study, 
calcium intake was not associated with CIMP status[16]. In 
a case-control study, neither calcium nor vitamin D was 
related to the MSI status[17]. Evidence for the effect of 
calcium in other putative molecular alterations of SPs is 
even weaker.

It is hard to explain the difference between the 
results of Crockett et al[11] and those of previous reports. 
Unlike most observational studies, the effect of vitamin 
D and calcium could be separately assessed. Moreover, 
supplements of both nutrients were given in this 
therapeutic trial, and their effect could be different from 
that of daily intake. Another reason may be that this trial 
assesses the effect of calcium and vitamin D on incidental 
polyps, while observational studies assess the effect on 
prevalent ones. Inherent limitations of this trial should 
be also taken into account. The study is a secondary 
analysis of the Vitamin D/Calcium Polyp Prevention 
Study, initially designed to evaluate the risk of adenomas. 
The final sample size of SSA/Ps was small and many of 
the subgroup analysis may be under-powered, as the 
authors acknowledge. Another limitation is that only 
53.8% of patients in the treatment phase provided 
enough information to be evaluated in the observation 
phase.

CONCLUSION
In conclusion, this study raises more questions than 
it provides answers. Just as the use of calcium and 
vitamin D as chemopreventive agents could not be 
recommended on the basis of the results of observational 
studies, its avoidance in certain groups to decrease 
the incidence of SSA/Ps should not be recommended 
either. At the moment, we cannot decide if calcium and 
vitamin D are friends or foes, but this study reminds 
us that, albeit necessary, observational studies do not 
give us the same level of evidence as a well-designed 
randomized controlled trial does. Calcium and vitamin 
D supplements are widely used at a population level. 
Lessons learned from this trial should prompt the design 
of more powerful, multicenter, randomized trials to finally 
clarify whether their use should be recommended or 
discouraged.
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Abstract
Eosinophilic oesophagitis (EoE) and gastro-oesophageal 
reflux disease (GORD) are the most common causes 
of chronic oesophagitis and dysphagia associated 
with oesophageal mucosal eosinophilia. Distinguishing 
between the two is imperative but challenging due 
to overlapping clinical and histological features. A 
diagnosis of EoE requires clinical, histological and 
endoscopic correlation whereas a diagnosis of GORD is 
mainly clinical without the need for other investigations. 
Both entities may exhibit oesophageal eosinophilia at a 
similar level making a histological distinction between 
them difficult. Although the term proton-pump inhibitor 
responsive oesophageal eosinophilia has recently been 
retracted from the guidelines, a relationship between 
EoE and GORD still exists. This relationship is complex 
as they may coexist, either interacting bidirectionally 
or are unrelated. This review aims to outline the 
differences and potential relationship between the two 
conditions, with specific focus on histology, immunology, 
pathogenesis and treatment.

Key words: Relationship; Pathogenesis; Eosinophilic 
oesophagitis; Histological features; Gastro-oesophageal 
reflux disease
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unrelated. This review aims to outline the differences and 
potential relationship between the two conditions, with 
specific focus on histology, immunology, pathogenesis 
and treatment.

Wong S, Ruszkiewicz A, Holloway RH, Nguyen NQ. Gastro-
oesophageal reflux disease and eosinophilic oesophagitis: What 
is the relationship? World J Gastrointest Pathophysiol 2018; 9(3): 
63-72  Available from: URL: http://www.wjgnet.com/2150-5330/
full/v9/i3/63.htm  DOI: http://dx.doi.org/10.4291/wjgp.v9.i3.63

INTRODUCTION
Eosinophilic oesophagitis (EoE) is a clinicopathological 
condition characterised by an antigen-driven immunologic 
process that manifests clinically with symptoms of oeso
phageal dysfunction and histologically by eosinophilic 
inflammation[1]. The first case report of oesophageal 
eosinophilia can be traced back as far as 1962 by 
Schreiber[2], followed by the first published case series 
of EoE as a distinct clinicopathological condition in 
1993 by Attwood et al[3] In 2007, the first consensus 
recommendation by an international expert panel for the 
diagnosis and treatment of EoE was published[4]. This 
consensus was recently updated in 2017[5]. 

The recognition of EoE has increased so swiftly that 
it is now thought to be the most frequent eosinophilic 
gastrointestinal disorder as well as the second most 
common cause of chronic oesophagitis and dysphagia 
after gastro-oesophageal reflux disease (GORD)[6]. 
Although it is still an uncommon disease, the prevalence 
has been increasing over the past few years with an 
estimated prevalence in the general population of 
13-49 cases/100000 persons[5,7]. This is also in keeping 
with an increasing incidence of EoE estimated at 1-20 
cases/100000 persons[5,7]. Various hypotheses have 
been considered for this phenomenon particularly that 
of an increase in the recognition of the disease and 
an increase in volume of endoscopies performed[8-10]. 
However, two population-based studies have shown 
that the incidence and cumulative prevalence of EoE 
has indeed increased more than the rate of annual 
endoscopies during the observation period[11,12]. This, 
therefore, argues in favour of a true rise in the incidence 
and prevalence of the disease. 

Attwood et al[3] first characterized EoE as a distinct 
entity from GORD in 1993 where patients with more 
than 20 eosinophils per high power field and dysphagia 
in the absence of endoscopic oesophagitis and a 
normal 24-h pH testing were proposed to have EoE. 
According to the diagnostic criteria for EoE, other 
diseases associated with oesophageal eosinophilia 
must be excluded before a diagnosis of EoE is made 
(Table 1), with the main differential being GORD[1,13,14]. 
It is important to distinguish between EoE and GORD 
as their pathogenesis, natural history, monitoring and 

treatment differ[15]. This is challenging as many of their 
clinical and histological features overlap[15,16]. Given 
the prevalence of GORD in the general population is 
approximately 20%, it is inevitable that there will be a 
high probability for EoE to co-exist with GORD[16]. 

Prior to the 2017 consensus, a lack of response to 
a 2-mo course of a proton-pump inhibitor (PPI) was 
required exclude PPI-responsive oesophageal eosinophilia 
(PPI-REE) and confirm the diagnosis of EoE[1]. Patients 
with PPI-REE presented symptomatically like a typical 
EoE patient, had GORD diagnostically excluded and 
exhibited a clinicopathologic response to PPI therapy[1]. 
Recent evidence, however, indicate that differentiating 
PPI-REE from EoE is counterintuitive as their phenotypic, 
molecular, mechanistic and therapeutic features cannot 
be reliably distinguished[15,17-20]. Also, there was no 
definition regarding the extent of clinical and histological 
response required to diagnose PPI-REE[13,15]. Thus, the 
most recent consensus has retracted the term PPI-REE 
and considers PPI therapy as a therapeutic agent, rather 
than a diagnostic criterion[5]. The term “PPI-responsive 
EoE” has been proposed to replace the now defunct PPI-
REE[20]. 

Despites the fact that PPI responders are now 
considered to be within the EoE continuum, a relation
ship between EoE and GORD still exists[5]. Studies 
have suggested that up to 30%-40% of EoE patients 
may be PPI responsive, either due to a reduction in 
acid secretion in patients with co-existent GORD or 
by means of other still unknown anti-inflammatory 
mechanisms[21,22]. PPI therapy may also be helpful in 
patients with EoE as the altered oesophagus may be 
predisposed and more sensitive to acid exposure[23]. 
This review aims to outline the factors that differentiate 
between EoE and GORD as well as to evaluate the 
complex relationship between the two entities in term 
of pathophysiology and immunology. 

PATHOGENESIS
The main pathogenic mechanism of GORD is increased 

Table 1  Diseases associated with oesophageal eosinophilia

GORD
Eosinophilic gastrointestinal diseases
Atopy
Coeliac disease
Crohn’s disease
Oesophageal infections
Hypereosinophilic syndrome
Achalasia
Drug hypersensitivity
Vasculitis
Pemphigoid vegetans
Connective tissue disease
Graft-versus-host-disease
Oesophageal atresia

GORD: Gastro-oesophageal reflux disease.
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transient lower oesophageal sphincter (LOS) relaxations 
(TLOSRs), leading to excessive reflux of gastric acid 
to the lower oesophageal mucosa[24]. Other potential 
mechanistic factors that can increase acid reflux to 
the oesophagus are impaired LOS resting pressure, 
impaired oesophageal acid clearance, delayed gastric 
emptying and anatomical factors, such as a hiatus 
hernia[24]. More recently, impaired mucosal resistance 
and increased visceral hypersensitivity to acid have also 
been reported to predispose to GORD[24]. Histologically, 
it was thought that erosive changes in the distal 
oesophagus developed due to direct chemical-induced 
injury of the oesophageal mucosa and death of surface 
cells[25]. Such injury has been shown to provoke a T-helper 
Type 1 (Th1) inflammatory response, activating mostly 
granulocytes and lymphocytes[25]. Thus, it is intriguing 
that oesophageal eosinophilia can occasionally be seen 
in GORD, and the underlying mechanism remains 
unclear[26]. A study showing that GORD may also be 
a cytokine-mediated disease lead to the discovery 
that oesophageal squamous cells from EoE and GORD 
patients exhibit similar levels of eotaxin-3 (a chemokine 
that attracts eosinophils) when stimulated by T-helper 
Type 2 (Th2) cytokines; production of which is typical of 
an allergic disorder[10,15,22,26,27]. This suggests that GORD 
may be driven to a Th2 inflammatory response when the 
appropriate stimulus is present leading to oesophageal 
eosinophilia[26]. Low intraluminal baseline impedance 
has been shown to be associated with dilatation of 
intercellular spaces and increased acid exposure in 
patients with GORD[28]. However, whether this damage 

can lead to exposure of food allergens and subsequently 
a Th2 response is unknown[26,29,30]. 

Although the exact pathophysiology of EoE is not fully 
understood, substantial evidence exists to show that EoE 
is an allergen (Th2 cell)-mediated response in genetically 
predisposed individuals (Figure 1)[10,31,32]. Defects in 
the oesophageal barrier are thought to facilitate the 
entry of food allergens or swallowed aeroallergens 
into the oesophageal epithelium which trigger a Th2 
response and lead to mast cell activation and release 
of mediators such as interleukin (IL)-5, which is a 
known eosinophil activator[10,22]. Activated eosinophils 
then release cytotoxic granules which contribute to cell 
death and tissue damage in these patients[10,33,34]. The 
gene coding for eotaxin-3, CCL26 is overexpressed 
in the oesophagus of patients with EoE compared to 
healthy controls, which correlates with the increased 
levels of IL-5 and IL-13 in the oesophagus and blood of 
EoE patients[35,36]. The development of EoE may also be 
associated with a genetic predisposition[10]. Hereditary 
collagen disorders such as Marfan and Ehlers-Danlos 
syndromes are the most frequent associations of EoE 
with an incidence of about one percent[21]. In patients 
with atopic dermatitis, a loss of function mutation in 
the gene filaggrin (2282del4) is overexpressed in EoE 
patients compared with healthy controls[37]. Filaggrin is 
a key structural, keratin-binding protein that plays an 
important role in the maturation of skin as an epithelial 
barrier by preventing keratin proteolysis[37]. EoE has 
been shown in paediatric patients to be associated with 
variants at chromosome 5q22 encompassing the gene 
TSLP (thymic stromal lymphopoetin), which encodes 
a cytokine that controls dendritic cell-mediated Th2-
cell responses[21,38]. More recently, EoE susceptibility 
locus was found at 2p23 which encodes CAPN14, which 
is upregulated on exposure to IL-13[39]. However, the 
exact impact of these genetic abnormalities on the 
pathogenesis of EoE is uncertain.

EPIDEMIOLOGY AND CLINICAL 
PRESENTATION
A few epidemiological differences exist between GORD 
and EoE. GORD is typically diagnosed in the second to 
fifth decade of life[20]. In contrast, EoE has a bimodal age 
presentation, with one peak in childhood and the second 
in the third and fourth decade with the mean age of 
diagnosis of 38 years[1,33,40]. Furthermore, whilst there is 
no gender preponderance in GORD, EoE affects males 
three times more than females[1,41,42]. Both conditions 
have been more frequently reported in Caucasians 
compared with other ethnicities[1,8,41,43]. It should be 
noted that the prevalence of GORD is much higher than 
that of EoE, ranging between 10%-20% in the Western 
population as compared to less than 1% for EoE[8,9,40,41]. 
Obesity has been shown to associated with GORD 
whereas EoE is strongly associated with atopic diseases 

Genetically predisposed individual

Food allergens/Swallowed aeroallergens 
enter oesophageal epithelium via  defects 

in oesophageal barrier

Allergen (Th2 cell)-mediated response triggered

Mast cell and eosinophil activation

Cytotoxic granules cause cell death and 
tissue damage

Figure 1  Proposed pathogenesis of eosinophilic oesophagitis.
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such as asthma, food allergy, eczema, environmental 
allergies and chronic rhinitis[1,8,10,31,44]. 

GORD has been defined by the Montreal Classification 
as a condition that occurs due to retrograde flow of 
gastric contents into the oesophagus that lead to trouble
some symptoms, which are typically heartburn and 
regurgitation[45,46]. Other less common symptoms include 
chest pain, dysphagia, dyspepsia, epigastric pain, nausea, 
bloating, belching, chronic cough, asthma, laryngitis and 
other respiratory symptoms[45-48]. Whilst dysphagia is 
infrequent in GORD, it is the most common presenting 
symptom for EoE along with food bolus impaction[1,10,49]. 
Approximately 50% of patients who present with food 
bolus impaction and up to 15% of patients who undergo 
endoscopy for non-obstructive dysphagia will have 
EoE[6,50]. Although some EoE patients report GORD 
symptoms, they may respond poorly to PPIs[51]. Fifty 
to eighty percent of EoE patients have a prior history 
of atopic symptoms[21]. Other non-specific symptoms 
include chest pain, heartburn, regurgitation, dyspepsia, 
nausea and vomiting, odynophagia, abdominal pain and 
non-specific throat symptoms[1,10,31,33,49,52]. 

DIAGNOSIS
A diagnosis of GORD is usually based on clinical 
symptoms, typically heartburn and regurgitation, in a 
patient who is responsive to PPI therapy[46]. Thus, upper 
endoscopy, routine biopsies from the distal oesophagus 
and ambulatory pH testing are not usually required in a 
patient with typical GORD symptoms in the absence of 
alarm symptoms such as dysphagia, odynophagia and 
weight loss[16,44,46]. The diagnosis of EoE on the other 

hand, relies on a correlation between clinical symptoms, 
endoscopic and histological features as there is no one 
pathognomonic feature of EoE[10,13]. According to the 
most recent consensus, it requires the presence of ≥ 
15 intraepithelial eosinophils per high power field in one 
or more oesophageal mucosal biopsies in combination 
with symptoms of oesophageal dysfunction[5]. However, 
this definition may be too simplified as the diagnosis 
of EoE may be established with a lower intraepithelial 
eosinophil count if there is strong clinical suspicion and 
other histological features associated with eosinophilic 
inflammation are present[1,10]. Given that excessive 
accumulation of eosinophils in tissues is a common 
finding in numerous gastrointestinal disorders, other 
causes of oesophageal eosinophilia (Table 1) should 
also be excluded, particularly GORD[1,14]. The following 
diagnostic features that may be found in GORD and EoE 
and may help distinguish between the two entities are 
summarised in Table 2. 

Endoscopic oesophageal features
Relevant endoscopic findings of GORD are erosive 
oesophagitis, peptic strictures, a hiatus hernia and 
Barrett’s oesophagus[15,16,46]. Endoscopy has a high 
specificity for diagnosing GORD particularly when erosive 
oesophagitis is seen and the Los Angeles classification 
is used[53]. However, most patients with GORD will 
have normal endoscopies[15,16]. In contrast, endoscopic 
oesophageal features of EoE patients are trachealization, 
felinization, whitish exudates, longitudinal furrows, 
oedema, diffuse oesophageal narrowing, narrow-calibre 
oesophagus and oesophageal lacerations secondary to 
passage of the endoscope[1,10,13,16,54] (Figure 2). Loss of 

Table 2  Diagnostic features of gastro-oesophageal reflux disease and eosinophilic oesophagitis

GORD EoE

Endoscopic Erosive oesophagitis Trachealization
Peptic strictures Felinization
Hiatus hernia Whitish exudates
Barrett’s oesophagus Longitudinal furrows

Oedema
Diffuse oesophageal narrowing
Narrow-calibre oesophagus
Oesophageal lacerations
Loss of mucosal vascular pattern

Histological Eosinophilia < 10/hpf Eosinophilia ≥ 15/hpf
Eosinophilic microabscesses
Eosinophil degranulation
Basal cell hyperplasia
Papillary lengthening
Superficial layering of eosinophils
Extracellular eosinophil granules
Intracytoplasmic keratinocyte vacuolation
Dilated intracellular spaces
Lamina propria fibrosis
Positive intrasqamous IgG4

Motor function Non-specific Non-specific

GORD: Gastro-oesophageal reflux disease; EoE: Eosinophilic oesophagitis.
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mucosal vascular pattern has also been reported[55]. 
These features however, are not pathognomonic for EoE 
and thus histological correlation is required[1,10]. Normal 
endoscopic findings have been reported in up to 30% of 
patients with EoE[10,13]. 

Histological features
Patients with GORD may exhibit oesophageal eosi
nophilia, typically less than 10 per high power field as 
compared to ≥ 15 per high power field for EoE[1,10,15,56] 
(Figure 3). The presence of additional histological features 
of eosinophilic microabscesses, eosinophil degranulation, 
basal cell hyperplasia, papillary lengthening, superficial 
layering of eosinophils, extracellular eosinophil granules, 
intracytoplasmic keratinocyte vacuolation, dilated 
intracellular spaces or lamina propria fibrosis are more 
supportive of a diagnosis of EoE[1,10,13,16,57]. Although 
some of these additional histological features have 
been reported in biopsy specimens of patients with 
GORD, they are less commonly found as compared to 
EoE[10,13,16,57]. Recently, Zukerberg et al[17] showed that 
immunohistochemical staining of oesophageal tissue 
with IgG4 could help distinguish EoE from GORD, given 
that 76% of EoE cases were positive for intrasqamous 
IgG4 and none of the GORD cases were positive. The 
distribution of oesophageal eosinophilia may also be 

helpful in distinguishing the two conditions, with diffuse 
oesophageal eosinophilia more suggestive of EoE and 
distal oesophageal eosinophilia of GORD[16]. Thus, it is 
important to biopsy at least 2 regions of the oesophagus 
and accurately label the site of oesophageal biopsies.

Oesophageal motor function
Oesophageal manometry is of limited use in the 
diagnosis of GORD and EoE given that findings have 
so far been non-specific[1,13,58]. Oesophageal motility 
disorders found in patients with GORD have a similar 
type and prevalence to patients with EoE ranging 
between 4%-87%[14,21,33]. However, in cases where 
dysphagia is the main symptom, it is important to 
perform manometric assessment to exclude major and 
minor disorders of peristalsis which can sometimes 
mimic symptoms of GORD and EoE[18,33]. The duration of 
EoE has been shown to be longer in those with abnormal 
oesophageal motility[59]. 

TREATMENT
The initial management of GORD usually involves a 
combination of lifestyle interventions and medical the
rapy with the aim of eliminating symptoms, repairing 
any existing oesophageal mucosal injury and preventing 
further inflammatory injury[46,60]. Lifestyle interventions 
of weight loss (particularly if BMI > 25 or recent 
weight gain) and head of bed elevation have been 
proven to reduce symptoms and improve oesophageal 
pH values[61,62]. Other lifestyle interventions such as 
avoidance of late evening meals and cessation of alcohol, 
tobacco, chocolate, caffeine, spicy foods, citrus and 
carbonated drinks lack evidence and are not routinely 
recommended[46]. Medical therapy such as antacids, 
histamine-receptor antagonists (H2RA) or PPI therapy 
should then be considered in patients failing lifestyle 
interventions alone[46,60]. PPI therapy is effective in 
70%-80% of patients and has been shown to be superior 
to H2RAs in regard to healing rates and decreased relapse 
rates[63]. Surgical therapy is as effective as medical 
therapy and may be contemplated in GORD patients 
who wish to discontinue medications, are non-compliant, 
have side-effects associated with medications, have a 

20 μm

Figure 3  Histological specimen from the oesophagus (luminal aspect 
on left) of an eosinophilic oesophagitis patient showing marked oedema 
and numerous intraepithelial eosinophils in the oesophageal squamous 
mucosa, which are also seen in the superficial component of the mucosa.

Figure 2  Endoscopic changes in patients with gastro-oesophageal reflux disease and eosinophilic oesophagitis. A: Erosive oesophagitis of gastro-
oesophageal reflux disease; B: White exudates in eosinophilic oesophagitis (EoE); C: Mucosal rings or trachealization in EoE; D: Longitudinal furrows in EoE.

A B C D
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large hiatus hernia or have refractory oesophagitis and 
symptoms despite optimal medical therapy[46]. 

The choice of initial treatment for EoE patients on 
the other hand is made on an individualized basis as 
PPI therapy, topical steroids and dietary therapy can 
all be considered as first-line therapeutic options[5]. 
All EoE patients should receive treatment to improve 
quality of life, prevent oesophageal remodelling secon
dary to active eosinophilic inflammation and prevent 
oesophageal injury due to the disease or endoscopic 
intervention[64]. 30%-40% of EoE patients may be 
responsive to PPIs, either due to a reduction in acid 
secretion in patients with co-existent GORD or by 
means of other still unknown anti-inflammatory 
mechanisms[21,22]. EoE patients can also be treated 
with topical steroids as it has been shown to improve 
symptoms and reduces oesophageal eosinophilia[21,65]. 
Viscous steroids have been shown to be more effective 
than nebulized steroids possibly due to greater mucosal 
contact time compared with the latter[66]. A recent 
meta-analysis of seven randomized controlled trials 
concluded that although there was an increased risk 
of asymptomatic oesophageal candidiasis with topical 
steroid therapy, it is considered safe with no evidence 
of adrenal suppression[67]. Dietary therapy is based 
on the fact that the majority of EoE patients have 
food allergies that may contribute to the pathogenesis 
of the disease[22,68]. There are 3 strategies of dietary 
therapy: An amino acid-based formula/elemental diet, 
a targeted elimination diet guided by allergy testing, 
and an empiric elimination diet[22,65,68]. All diets should 
be followed for a minimum of 6 wk and its efficacy 
evaluated via symptoms as well and oesophageal 
biopsies[65,69]. 

Oesophageal dilation, either via through-the-scope 
balloons or by Savary bougies can lead to long-lasting 
symptom improvement in EoE patients with structuring 
disease or impaired oesophageal distensibility due 
to subepithelial fibrosis[21,22]. Clinical improvement 
post dilation occurred in 75% of patients[70]. A meta-
analysis evaluating the clinical efficacy and safety of 
oesophageal dilation in these patients showed that it 
is a safe procedure with a < 1% rate of serious compli
cations[70]. However, it does not result in a decreased 
in eosinophil infiltration or histologic improvement and 
thus should not be used as a sole therapeutic option 
in these patients[5,71]. Several other treatment options 
for EoE have been assessed namely Montelukast 
(leukotriene receptor antagonist), Infliximab (anti-
tumour necrosis factor), Mepolizumab (anti-IL-5), 
Azathioprine or 6-mercaptopurine, Reslizumab (IL-5 
neutralizing antibody), Omalizumab (anti-IgE), QAX576 
(anti-IL-13) and OC000459 (prostaglandin D2 receptor 
antagonist)[34,64,72-80] Although studies of these agents 
have shown changes in the biological behaviour of EoE 
disease markers, they have not yet displayed sufficient 
clinical benefit for widespread use[81]. 

RELATIONSHIP BETWEEN EoE AND 
GASTROESOPHAGEAL REFLUX DISEASE
The interaction between EoE and GORD is complex and 
may be bidirectional[5]. An approximate prevalence of 
GORD in the general population of 20% is sufficiently 
high enough to make the coexistence of EoE and 
GORD plausible[16]. In patients with refractory GORD 
symptoms, EoE was found in approximately 4%[10,56]. 
Four hypotheses to account for interactions between 
oesophageal eosinophilia and GORD have been proposed: 
Eosinophilia as a marker of GORD; GORD and EoE coexist 
but are unrelated, EoE contributes or causes GORD; and 
GORD contributes to or causes EoE[16,20,82,83]. 

Eosinophilia as a marker of GORD
GORD is thought to cause a mild eosinophilia in the 
absence of EoE[16,82]. Acid exposure was thought to cause 
oesophageal injury which results in chronic inflammation, 
including the presence of oesophageal eosinophils 
that are recruited via an increase in expression of 
adhesion molecules, release of chemokines that attract 
eosinophils and increase in blood flow[16]. However, the 
role of these adhesion molecules and chemokines in the 
pathogenesis of GORD is yet unclear[16]. A study also 
showed that dense oesophageal eosinophilia in GORD 
was uncommon[3]. 

GORD and EoE coexist but are unrelated
As mentioned above, due to a high prevalence of 
GORD in the general population, the coexistence of 
EoE and GORD due to chance alone is plausible[16,83]. 
Oesophageal pH studies have shown that 25%-50% of 
EoE patients have increased oesophageal acid exposure, 
thus supporting the notion that the two entities can 
coexist[1,16]. 

EoE contributes or causes GORD
This hypothesis is based on the fact that eosinophils 
secrete a number of agents that affect the integrity of 
the mucosal barrier and the function of oesophageal 
smooth muscle as well as producing a direct cytotoxic 
effect on the mucosa[16,20]. Remodelling effect in EoE 
may contribute to increased acid exposure due to 
effects on the LOS or impaired oesophageal clearance 
of refluxed contents[16,20]. 

GORD contributes to or causes EoE
An unproven hypothesis has suggested that GORD 
may contribute to the pathogenesis of EoE by causing 
changes in the integrity of the oesophageal mucosa, 
promoting trans-epithelial allergen permeation followed 
by allergic immune activation[5,84]. 

CONCLUSION 
The relationship between EoE and GORD is complex as 
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they are different entities that may coexist. Distinguishing 
between the two remains challenging given that it has 
multiple overlapping features. At present, the combin
ation of clinical, endoscopic and histological features, as 
well as response to PPI therapy, may help to differentiate 
the two conditions. Further studies into the immuno-
pathophysiology are needed to elucidate more objective 
diagnostic testing that can reliably differentiate between 
the two disease processes. 
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Abstract
Gastrointestinal diseases, specifically Crohn’s disease, 
ulcerative colitis, diverticular disease, and primary 
biliary cirrhosis are all characterized by complicated 
inflammation of the digestive tract. Their pathology is 
multifactorial, and risk factors encompass both genetic 
and environmental factors. Recent advances in the 
genetic component of inflammatory bowel diseases 
(IBDs) have revealed that the tumor necrosis factor 
superfamily member 15 (TNFSF15) contains a number 
of risk alleles associated not only with IBD but also with 
other diseases such as diverticular disease and primary 
biliary cirrhosis. These risk alleles in TNFSF15 and the 
altered expression of its gene product can serve as the 
common ground between these disorders by explaining 
at least some of the underlying processes that lead 
to a dysregulated immune response and subsequent 
chronic inflammation. Here, we aim to outline how the 
TNFSF15  gene is involved in the proliferation and cell 
fate of different populations of T cells and subsequent
ly in the control of both pro- and anti-inflammatory 
cytokines. Furthermore, we summarize what is cur
rently known of TNFSF15 control region variants, how 
they are associated with each mentioned disease, 
and how these variants can explain the autoimmune 
pathology of said diseases through altered TNFSF15 
expression.

Key words: Tumor necrosis factor superfamily member 
15; Diverticular disease; Death receptor 3; Ulcerative 
colitis; Crohn’s disease; Primary biliary cirrhosis
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Core tip: Tumor necrosis factor superfamily member 
15 and the protein it encodes, tumor necrosis factor 
ligand-related molecule 1 play a vital role in the mucosal 
immunity. Expression of tumor necrosis factor ligand-
related molecule 1 and death receptor 3-mediated 
signaling both exert their effects in Crohn’s disease, 
ulcerative colitis, diverticular disease, and primary 
biliary cirrhosis, which can serve to bridge the gap of 
knowledge regarding the genetic components of this 
group of inflammatory diseases as well as provide 
common ground for a putative targeted treatment.
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INTRODUCTION
Inflammatory bowel disease (IBD) is a chronic disorder 
that constitutes an important worldwide health problem. 
This group of diseases is multifactorial and characterized 
by chronic relapsing intestinal inflammation[1]. The two 
major subtypes of IBD are ulcerative colitis (UC) and 
Crohn’s disease (CD). IBD is a global disease with the 
highest prevalence in Western countries (North America, 
Europe, and Oceania) although recently there has been 
an accelerated incidence rate in the newly industrialized 
countries of Asia, South America, and Africa, where 
societies have become more westernized[1]. Although 
the exact etiology of IBDs is still unknown, numerous 
studies have revealed the multifactorial nature of IBDs 
that encompasses genetic susceptibility, environmental 
factors, intestinal microbiota, and the immune response 
system[2]. 

Another common gastrointestinal disorder, similar 
in its prevalence amongst western populations is 
colonic diverticulosis. The term “diverticulosis” refers 
to the occurrence of diverticula due to the formation of 
pouches by the mucosal wall of the intestine[3]. Colonic 
diverticulosis, or diverticular disease (DD), is a broad-
spectrum term, as the condition involves a number of 
clinical manifestations that can range from the presence 
of constant abdominal systems without inflammation 
(symptomatic uncomplicated diverticular disease) to 
a significant and symptomatic inflammatory process 
(segmental colitis associated with diverticulosis and 
diverticulitis)[4]. 

Both diverticulitis and IBDs share overlapping 
characteristics and symptoms including, but not limited 
to: clinical presentation involving diarrhea, mucus in 
the stool, abdominal pain, weight loss, fistulae, bowel 
structuring, and inflammation[5,6]. This overlap can 
make diagnosis difficult for the attending clinician, 
although distinction can be achieved by endoscopical 
examination[5]. Despite this difficulty and in order to 

improve our understanding of the relation between 
inflammation and gastrointestinal disorders, we have to 
ask the question, what is the driving factor behind these 
shared attributes of CD, UC, and DD?

The common ground for the pathological signs of 
IBDs and DD appears to be a dysregulated mucosal 
immune response[7,8]. This dysregulation often results 
in impaired epithelial barrier function and damage to 
the surrounding epithelial tissue. Both pro- and anti-
inflammatory cell lines and their respective secreted 
cytokines are involved in this response. In CD, T helper 
1 (Th1)/Th17 cells and interleukin (IL)-12 as well as 
IL-23 are characteristic, whereas in UC the major factor 
is natural killer T (NKT) cells secreting IL-13 and IL-5[9]. 
Tumor necrosis factor superfamily member 15 
(TNFSF15), also known as tumor necrosis factor ligand-
related molecule 1 (TL1A) and vascular endothelial 
growth inhibitor (VEGI) is a tumor necrosis factor (TNF) 
family member encoding a ligand produced by a variety 
of cell lines, including endothelial cells, macrophages, 
dendritic cells (DCs), and T cells[10]. First described in 
2002 as a T-cell stimulatory cytokine[11], studies have 
discovered that it affects cell lines related to both the 
innate and adaptive immune responses by its receptor, 
death receptor 3 (DR3)[12]. Since then, the role of 
this cytokine-receptor pair has been linked to the 
immunomodulation and vascular endothelial function 
observed in IBDs[6].

TNFSF15 FUNCTION AND EXPRESSION
The gene product of TNFSF15, TL1A, is a TNF-like 
factor, which is expressed in endothelial cells (human 
umbilical vein endothelial cells, adult dermal micro
vascular endothelial cells, and uterus myometrial 
endothelial cells), gut lamina propria lymphocytes, and 
macrophages.

TL1A is a longer splicing variant of the coding gene 
TNFSF15 compared to the initially described protein 
TL1/VEGI. The difference between the two variants is 
that TL1A is encoded by all four coding exons, whereas 
a continuous DNA containing the fourth exon and its 
5’ adjacent intron encodes TL1. As a result, the two 
variants have identical C-terminal regions while the 
N-terminal regions are different for the two proteins. 
TL1A is a type II transmembrane protein, containing 
251 amino acids and has a molecular weight of 28 kDa. 
The transmembrane form of TL1A can be cleaved by 
enzymes and exists as a functional soluble protein[11,13]. 
This cleavage can vary depending on the cell of origin[14]. 
The soluble form is more abundantly synthesized by 
DCs, and the membrane-bound protein is expressed 
by both T cells and DCs. The different forms, like other 
members of the TNF superfamily, have different fun
ctions. Soluble TL1A can be detected after DC and 
monocyte stimulation in vitro, and increased levels have 
been detected in serum samples from patients with 
rheumatoid arthritis, an autoreactive disease[15].

The receptor for TL1A, DR3, was identified in the 
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1990s[16], and was later discovered to be highly homo
logous to TNF receptor 1 (TNFR1)[12]. Signaling by 
DR3 is facilitated primarily through the use of TNFR-
associated death domain protein, which contains a TNF 
receptor associated factors-binding domain as well as a 
death domain. This combination allows DR3 to activate 
nuclear factor kappa B and mitogen-activated protein 
kinase[17], which allows it to play a role in both apoptosis 
and anti-apoptosis, cell survival, and proliferation[18]. 

The expression of TL1A is closely linked to the 
levels of inflammation over the course of IBD and is 
also correlated to areas affected by the disease[10]. 
While TL1A baseline expression can be low[19], pro
inflammatory stimulation seems to be the switch that 
increases TL1A expression[20]. Both TL1A and DR3 are 
expressed across all members of the T cell family[21,22], 
despite the original discovery of TL1A in endothelial 
cells. The action of TL1A-DR3 signaling is most profound 
in the differentiation and stimulation of T cell subtypes. 
Co-stimulation with TL1A increases IL-2 signaling[11,20,23], 
whereas TL1A itself stimulates the proliferation of T cells. 
Specific CD4+ T cells can up-regulate DR3 and produce 
interferon gamma in response to TL1A combined with 
IL-12 and IL-18 in the intestinal mucosa[23], suggesting 
a putative mechanism for TL1A gut signaling and 
expression[19]. TL1A also affects Th17 cells as DR3 
expression is highly upregulated on this cell subset[24], 
although TL1A-mediated Th17 proliferation is achieved 
in a DR-3 independent manner[20]. Furthermore, TL1A 
plays a role in the development of regulatory T cells (Treg), 
as stimulation by the soluble form of TL1A increases Treg 

proliferation[25]. However, in vitro assays have shown 
that the increased numbers of Tregs also show reduced 
suppressive capability[26].

TNFSF15 AND INFLAMMATION
Genetic studies attempting to evaluate the role of 
TNFSF15 have only begun recently following previously 
suggested hints of genetic factors involved in IBD[27,28]. 
The first genome-wide association studies (GWAS) 
conducted in 2005 discovered an association between 
TL1A and CD in a Japanese cohort of patients[29]. Sub
sequent studies have replicated and confirmed the 
association of TNFSF15 in European populations, for 
patients with both CD or UC[30]. Further investigation 
on specific patient subsets confirmed the protective 
haplotype[31] and revealed that TL1A expression is 
increased in carriers of the risk haplotype in a Jewish 
cohort of patients with CD and Escherichia coli expo
sure[32]. 

The findings of the previously mentioned studies and 
the data obtained allowed for the further investigation of 
TNFSF15 single nucleotide polymorphisms (SNPs) and 
their role not only in CD and UC, but also in DD. The 
first case study aiming to investigate how these SNPs 
can exert an effect revealed that the SNP rs7848647 
and specifically, the risk allele G conferred an additive 
higher risk towards DD requiring surgical intervention[33]. 

As a follow-up, another study aimed to increase the 
number of participants and to include six other SNPs, 
four of which had been previously associated with CD[29] 
as a risk haplotype and to reveal if such an association 
could be found for DD as well. Results demonstrated 
not only that the CD risk haplotype was associated with 
DD, but two protective haplotypes emerged as well[6]. 
Although both studies provided hopeful results, they 
also suggest that there might be further undiscovered 
SNPs in DD pathology.

TNFSF15 variants have also been associated 
with primary biliary cirrhosis (PBC), a chronic and 
progressive liver disease, leading to hepatic failure 
and liver cirrhosis. One of the hallmarks of PBC is an 
autoimmune reaction towards biliary epithelial cells. 
Combined with data from twin studies, this has driven 
research into a possible genetic component of PBC. The 
first GWAS studies demonstrated the association of 
TNFSF15 rs4979462 in Asian populations with PBC[34] 
as the second strongest susceptibility gene. Specifically, 
rs4979462 has been found to be one of the main causal 
variants in the gene, due to a creation of a novel nuclear 
factor 1 binding site, a finding further strengthened 
by the increased TNFSF15 mRNA expression[35]. Other 
large-scale GWAS studies have also demonstrated 
that TNFSF15 is a part of a multitude of PBC risk loci 
involved in T cell, B cell, and natural killer (NK) cell 
stimulation and proliferation[36].

TL1A expression has also proven to be one of the 
key hallmarks of IBD. It was first observed in CD and 
UC[10,21,37] with both increased protein and mRNA levels 
compared to healthy controls[19]. This expression is 
regulated in a two-fold manner in gastrointestinal 
disorders. First, single-nucleotide polymorphisms have 
been found to correlate with TL1A expression[32,38,39] in a 
variety of immune cells. Second, TL1A can be induced 
by a number of gut-specific bacteria[22] with expression 
levels adjusting accordingly to the presence or absence 
of bacteria. Localized increased inflammation correlating 
with increased TL1A expression and exposure to 
bacteria in patients with CD, UC, and DD appears to 
be the common ground between these gastrointestinal 
disorders (Figure 1).

Further proof for the involvement of TNFSF15 comes 
in the form of studies investigating the association of 
risk variants within the gene and the requirement of 
surgical intervention as part of the treatment plan[33,40]. 
Cases that do not respond to medical treatment and 
present themselves with severe colonic inflammation 
ultimately require surgical resection, which represents a 
higher risk for the patient. 

Because of its mode of action, and by having a very 
specific niche of activity and expression, TNFSF15 can 
be considered a putative therapeutic target. Studies 
have investigated the effect of anti-TL1A antibodies 
on sodium-sulfate induced colitis[41] and T-cell transfer 
models[42]. Some have even successfully managed to 
reverse fibrosis in these models[43]. As TL1A expression 
can vary, depending on genetic variations in its control 
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region, it remains to be seen whether a targeted anti-
TL1A therapy can be applied in a clinical setting.

CONCLUSION
TNFSF15 and the protein it encodes share a unique 
position amongst other genetic factors for gastrointestinal 
disorders. It enhances the T cell responses in CD, UC, 
and DD acting as a bridge between these disorders. It 
also plays a role in the immune response of mucosal 
tissue against bacterial infections, another common 
factor in gastrointestinal disorders. Furthermore, genetic 
variations in this gene have been associated as risk 
factors for all of the diseases examined here. All of 
these characteristics point towards the further study of 
TNFSF15 and the TL1A-DR3 interaction among patients 
with IBD and DD, both as a putative therapeutic target 
and a risk prediction factor.
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